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The information in this handbook has been carefully checked and is believed to 
be reliable; however, no responsibility is assumed for inaccuracies. Further- 
more, such information does not convey to the purchaser of semiconductor 
devices described any license under the patent right of Motorola Inc. , or 
others. 


Used throughout this Data Manual are a number of terms that are Trademarks 
of Motorola Inc. These include: Star, Band-Guard, MIDA, Meg -A-Life, 
Meg-A-Life II, Epicap, Surmetic, Compatible, O-pf, and MECL. 


© 1965, Motorola Inc. 


1st printing May 1965 


ABOUT THIS MANUAL 


One of the major problems facing workers in the electronics field is the 
identification and selection of semiconductor devices. Type numbers them- 
selves are of little value since they indicate neither device parameters nor ap- 
plications. Because it is difficult even to identify the many thousands of de- 
vice type numbers, let alone evaluate their merits fora particular application, 
engineers often limit their designs to a few well-known device types -- despite 
the fact that newer or more suitable devices may be available. 


This manual covers the entire line of Motorola semiconductor products -- 
one of the most extensive in the industry. It includes specifications for semi- 
conductor devices, including zener and reference diodes, rectifiers, varactors, 
voltage -variable capacitors, controlled rectifiers, transistors, integrated cir- 
cuits and a variety of other standard and special devices that make up today's 
semiconductor complement. It is intended to simplify the selection of the 
most useful type numbers for a given application. Accordingly, it contains 
a number of selector charts, as well as pertinent electrical specifications for 
the Motorola product line. Properly used, it can be a useful toolforthe design 
engineer, the component engineer, and the purchasing agent in narrowing the 
broad categories of potentially useable components to those best suited for a 
specific project. 
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HOW TO USE THE MOTOROLA SEMICONDUCTOR DATA MANUAL 


The manual is designed to serve three specific functions: 
1. To permit quick selection of the most suitable devices for a specific 
application; 
2. To permit quick selection of the devices that best meet a given set of | 
electrical specifications; 
3. To permit quick identification of a particular device number. 


To accomplish this, the manual is divided into 10 main sections: 


1. Zener diodes, temperature compensated reference diodes and refer- 
ence amplifiers 

Rectifiers 

Varactors, voltage-variable capacitors, 4-layer diodes and RF diodes 
Silicon controlled rectifiers and gate controlled switches 

Power transistors 

Low-power, low-frequency transistors 

High-frequency transistors 

Special and multiple transistors 


CoA D OS w w 


Circuit assemblies 
Integrated circuits. 
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Each of these sections contains data-sheet specifications of suitable device 
types, preceded by applicable selection charts. 


An introductory section in the front of the book contains general data such 
as a complete numerical-alphabetical listing of device types, military device 
type listings, Meg-A-Life and Meg-A-Life II high-reliability device listings 
and case outlines. 


HOW TO SOLVE YOUR SEMICONDUCTOR DEVICE SELECTION PROBLEMS 


1. Known: Device type number 
Needed Information: Identification, applications, and specifications 


Procedure: Locate device type number in numerical - alphabetical 
listing (Page 1-2) and turnto the page number given for complete data. 


2. Known: Desired application or device parameters. 


Needed Information: Specific type numbers of devices to fit known 
application or parameters. 


Procedure: Turn to subsection covering desired devices, (e.g. , tran- 
sistors; low-frequency, high-power). Consult appropriate Quick Sel- 
lection Chart for device types recommended for your application, or 
units closely approaching the required parameters. Locate device 
type number listed in alphabetical- numerical order within subsection 
for more detailed specifications. 
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—— Alpha-Numerical Device Listing 


DEVICE INDEX 


The semiconductor devices listed in this manual are arranged in product 
groups such as high-frequency transistors, zener diodes and integrated cir - 
cuits. While this arrangement should best serve the needs of most users of 
this manual, there are occasions when it will be necessary to locate a device 
known only by type number. The following index, arranged in alpha-numeric 
order, will fill this need. 


DEVICE LISTING 


Device Type Page Device Type Page Device Type Page 


1/4M2. 4AZ 1/4M6. 8Z 1/4M17Z 
1/4M2. TAZ 1/4M7. 5Z 
1/4M3. 0AZ 1/4M8. 2Z 
1/4M3. 3AZ 1/4M9. 1Z 
1/4M3. 6AZ 1/4M10Z 
1/4M3. 9AZ 1/4M11Z 
1/4M4. 3AZ 1/4M12Z 
1/4M4. TAZ 1/4M13Z 
1/4M5. 1AZ 1/4M14Z 
1/4M5. 6AZ 1/4M15Z 
1/4M6. 2AZ 1/4M16Z 
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——— Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type Page Device Type Page 


1/4M39Z 2-6 3/4M82Z 2-17 1M3.9ZS 2-28 
1/4M43Z 2-6 - 3/4M91Z 2-17 1M4. 3ZS 2-28 
1/4M45Z 2-6 3/4M100Z = 2-17 1M4.7ZS 2-28 
1/4M47Z 2-6 3/4M110Z —s- 2-17 1M5.1ZS 2-28 
1/4M50Z 2-6 3/4M120Z 2-17 1M5.6ZS 2-28 
1/4M52Z 2-6 3/4M130Z 2-17 1M6. 2ZS 2-28 
1/4M56Z 2-6 3/4M150Z 2-17 1M6. 8ZS 2-28 
1/4M62Z 2-6 3/4M160Z 2-17 1M7.5ZS 2-28 
1/4M68Z 2-6 3/4M180Z 2-17 1M8.2ZS 2-28 
1/4M75Z 2-6 3/4M200Z 2-17 1M9.1ZS 2-28 
1/4M82Z 2-6 1M6. 8Z 2-17 1M10ZS 2-28 
1/4M91Z 2-6 1M7.5Z 2-17 1M11ZS 2-28 
1/4M100Z 2-6 1M8. 2Z 2-17 1M12ZS 2-28 
1/4M105Z 2-6 1M9. 1Z 2-17 1M13ZS 2-28 
1/4M110Z 2-6 1M10Z 2-17 1M15ZS 2-28 
1/4M120Z 2-6 1M11Z 2-17 1M16ZS 2-28 
1/4M130Z 2-6 1M12Z 2-17 1M18ZS 2-28 
1/4M140Z 2-6 1M13Z 2-17 1M20ZS 2-28 
1/4M150Z 2-6 1M15Z 2-17 1M22ZS 2-28 
1/4M175Z 2-6 1M16Z 2-17 1M24ZS 2-28 
1/4M200Z 2-6 1M18Z 2-17 IM27ZS 2-28 
3/4M6. 8Z 2-17 1M20Z 2-17 1M30ZS 2-28 
3/4M7. 5Z 2-17 1M22Z 2-17 1M33ZS 2-28 
3/4M8. 2Z 2-17 1M24Z 2-17 1M36ZS 2-28 
3/4M9. 1Z 2-17 1M27Z 2-17 1M39ZS 2-28 
3/4M10Z 2-17 1M30Z 2-17 1M43ZS 2-28 
3/4M11Z 2-17 1M33Z 2-17 1M47ZS 2-28 
3/4M12Z 2-17 1M36Z 2-17 1M51ZS 2-28 
3/4M13Z 2-17 1M39Z 2-17 1M56ZS 2-28 
3/4M13Z 2-17 1M43Z 2-17 1M62ZS 2-28 
3/4M15Z 2-17 1M47Z 2-17 1M68ZS 2-28 
3/4M16Z 2-17 1M51Z 2-17 1M75ZS 2-28 
3/4M18Z 2-17 1M56Z 2-17 1M82ZS 2-28 
3/4M20Z 2-17 1M62Z 2-17 1M91ZS 2-28 
3/4M22Z 2-17 1M68Z 2-17 1M100ZS 2-28 
3/4M24Z 2-17 1M75Z 2-17 1. 5M6. 8Z 2-22 
3/4M27Z 2-17 1M82Z 2-17 1.5M7.5Z 2-22 
3/4M30Z 2-17 1M91Z 2-17 1.5M8. 22 2-22 
3/4M33Z 2-17 1M100Z 2-17 1.5M9. 1Z 2-22 
3/4M36Z 2-17 1M110Z 2-17 1.5M10Z 2-22 
3/4M39Z 2-17 1M120Z 2-17 1.5M11Z 2-22 — 
3/4M43Z 2-17 1M130Z 2-17 1.5M12Z 2-22 
3/4M47Z 2-17 1M150Z 2-17 1.5M13Z 2-22 
3/4M51Z 2-17 1M160Z 2-17 1.5M15Z 2-22 
3/4M56Z 2-17 1M180Z 2-17 1.5M16Z 2-22 
3/4M62Z 2-17 1M200Z 2-17 1.5M18Z 2-22 
3/4M68Z 2-17 1M3.3ZS 2-28 1.5M20Z 2-22 
3/4M75Z 2-17 1M3. 6ZS 2-28 1.5M22Z 2-22 
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Device Type Page Device Type Page 


DEVICE LISTING (continued) 


Device Type Page 


1.5M24Z 2-22 10M30Z 2-15 50iM45Z 2-13 
1.5M24Z 2-22 10M33Z 2-15 50M47Z 2-13 
1.5M27Z 2-22 10M36Z 2-15 50M50Z 2-13 
1.5M30Z 2-22 10M39Z 2-15 50M51Z 2-13 
1.5M33Z 2-22 10M43Z 2-15 50M52Z 2-13 
1.5M36Z 2-22 10M47Z 2-15 50M56Z 2-13 
1.5M39Z 2-22 10M50Z 2-15 50M62Z 2-13 
1.5M43Z 2-22 10M51Z 2-15 50M68Z 2-13 
1.5M47Z 2-22 10M52Z 2-15 50M75Z 2-13 
1.5M51Z 2-22 10M56Z 2-15 50M82Z 2-13 
1.5M56Z 2-22 10M62Z 2-15 50M91Z 2-13 
1. 5M62Z 2-22 10M68Z 2-15 50M100Z 2-13 
1.5M68Z 2-22 10M75Z 2-15 50M105Z 2-13 
1. 5M75Z 2-22 10M82Z 2-15 50M110Z 2-13 
1. 5M82Z 2-22 10M91Z 2-15 50M120Z 2-13 


1.5M91Z 9-22 
1,.5M100Z 2-22 
1.5M110Z 9-22 
1,.5M120Z 2-22 
1.5M130Z 2-22 
1.5M150Z 9-22 
1.5M160Z 2-22 


10M100Z 2-15 
10M105Z 2-15 
10M110Z 2-15 
10M120Z 2-15 
10M130Z 2-15 
10M140Z 2-15 
10M150Z 2-15 


90M130Z 2-13 
90M140Z 2-13 
90M150Z 2-13 
00M 160Z 2-13 
90M175Z 2-13 
90M180Z 2-13 
90M200Z 2-13 


1.5M180Z 2-22 10M160Z 2-15 1N248B 3-8 
1.5M200Z 2-22 10M180Z 2-15 1N248C 3-8 
10M3.9AZ 2-24 10M200Z 2-15 1N249B 3-8 
10M4.3AZ 2-24 50M6. 8Z 2-13 1N249C 3-8 
10M4.7AZ 2-24 50M7.5Z 2-13 1N250B 3-8 
10M5.1AZ 2-24 50M8. 2Z 2-13 1N250C 3-8 
10M5.6AZ 2-24 50M9. 1Z 2-13 1N429 2-31 
10M6.2AZ 2-24 50M10Z 2-13 1N702 2-8 
10M6.8AZ 2-24 50M11Z 2-13 1N703 2-8 
10M7.5AZ 2-24 50M12Z 2-13 1N704 2-8 
10M6. 8Z 2-15 50M13Z 2-13 1N705 2-8 
50M14Z 2-13 1N706 2-8 
50M15Z 2-13 1N707 2-8 
50M16Z 2-13 1N708 2-8 
50M17Z 2-13 1N709 2-8 
50M 18Z 2-13 1N710 2-8 
50M19Z 2-13 1IN711 2-8 
50M20Z 2-13 1N712 2-8 
50M22Z 2-13 1N713 2-8 
50M24Z 2-13 1N714 2-8 
50M25Z D213 IN715 2-8 
50M27Z 2-13 1N716 2-8 
50M30Z 2-13 1IN717 2-8 
50M33Z 2-13 1N718 2-8 
50M36Z 2-13 1N719 2-8 
50M39Z 2213 1N720 2-8 
10M27Z 2-15 50M43Z 2-13 1N721 2-8 


—— Alpha-Numerical Device Listing 


Device Type Page Device Type Page 


DEVICE LISTING (continued) 


Device Type Page 


1IN722 1N823 2-31 1N969 2-9 
1N723 2-8 1N823A 2-31 1N970 2-9 
1N724 2-8 1N825 2-31 1N971 2-9 
1N725 2-8 1N825A 2-31 1N972 2-9 
1N726 2-8 1N827 2-31 1N973 2-9 
1N727 2-8 IN827A 2-31 1N974 2-9 
1N728 2-8 1N829 2-31 1N975 2-9 
1N729 2-8 1N829A 2-31 1N976 2-9 
1N730 2-8 1N935 2-31 1N977 2-9 
1N731 226 1N935A 2-31 1N978 2-9. 
1N732 2-8 1N935B 2-31 1N979 2-9 
1N733 2-8 1N936 2-31 1N980 2-9 
1N734 2-8 1N936A 2-31 1N981 2-9 
1N735 2-8 1N936B 2-31 1N982 2-9 
1N736 2-8 1N937 2-31 1N983 2-9 
1N737 2-8 1N937A 2-31 1N984 2-9 
1N738 2-8 1N938 2-31 1N985 2-9 
1N739 2-8 1N938A 2-31 1N986 2-9 
1N740 2=8 1N938B 2-31 1N987 2-9 
1N741 2-8 1N939 2-31 1N988 2-9 
1N742 2-8 1N939A 2-31 1N989 2-9 
1N743 2-8 1N939B 2-31 1N990 2-9 
1N744 2-8 1N941 2-31 1N991 2-9 
1N745 2-8 1N941A 2-31 1N992 2-9 
1N746 2-8 1N941B 2-31 1N1124 3-10 
1N747 2-8 1N942 2-31 1N1124A 3-10 
1N748 228 1N942A 2-31 1N1125 3-10 
1N749 2-8 1N942B 2-31 1N1125A 3-10 
1N750 2-8 1N943 2-31 1N1126 3-10 
1N751 2-8 1N943A 2-31 1N1126A 3-10 
1N752 2-8 1N943B 2-31 1N1127 3-10 
1N753 2-8 1N944 2-31 1N1127A 3-10 
1N754 229 1N944A 2-31 1N1128 3-10 
1N755 2-8 1N944B 2-31 1N1128A 3-10 
1N756 2=8 1N945 2-31 1N1183 3-10 
1N757 2-8 1N945A 2-31 1N1184 3-10 
1N758 2-8 1N945B 2-31 1N1185 3-10 
1N759 2-8 1N957 2-9 1N1186 3-10 
1N761 2-9 1N958 2-9 1N1187 3-10 
1N762 2-9 1N959 2-9 1N1188 3-10 
1N763 2-9 1N960 2-9 1N1189 3-10 
1N764 2-9 1N961 2-9 1N1190 3-10 
1IN765 2-9 1N962 2-9 1N1191 3-8 
1IN766 2-9 1N963 2-9 1N1192 3-8 
1N767 2-9 1N964 2-9 1N1193 3-8 
1N768 2-9 1N965 2-9 1N1194 3-8 
1N769 2-9 1N966 2-9 1N1195 3-8 
1N821 2.3 1N967 2-9 1N1195A 3-8 
1N821A 2-3 1N968 2-9 1N1196 3-8 
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DEVICE LISTING (continued) 


Device Type Page Device Type Page 


1N1196A 3-8 1N1511 2-11 1N1605 2-11 
1N1197 3-8 1N1512 2-11 1N1606 2-11 
IN1197A 3-8 1N1513 2-11 1N1607 2-11 
1N1198 3-8 1N1514 2-11 1N1608 2-11 
1N1198A 3-8 1IN1515 2-11 1N1609 2-11 
1N1313 2-10 1N1516 2-11 1N1730 4-20 
1N1314 2-10 1N1517 2-11 1N1731 4-20 
1N1315 2-10 1N1518 2-11 1N1732 4-20 
1N1316 2-10 1N1519 2-11 1N1733 4-20 
1N1317 2-10 1N1520 2-11 1N1734 4-20 
1N1318 2-10 1N1521 2-11 1N1735 2-31 
1N1319 2-10 1N1522 2-11 1N1736 2-31 
‘1N1320 2-10 1N1523 2-11 1N1736A 2-31 
1N1321 2-10 1N1524 2-11 1N1737 2-31 
1N1322 2-10 1N1525 2-11 1N1737A 2-31 
1N1323 2-10 1N1526 2-11 1N1738 2-31 
1N1324 2-10 1N1527 2-11 1N1738A 2-31 
1N1325 2-10 1N1528 2-11 1N1739 2-31 
1N1326 2-10 1N1530 2-31 1N1739A 2-31 
1N1327 2-10 1N1530A 2-31 1N1740 2-31 
1N1351 2-10 1N1563 3-12 1N1740A 2-31 
1N1352 2-10 1N1563A 3-12 1N1741 2-31 
1N1353 2-10 1N1564 3-12 1N1741A 2-31 
1N1354 2-10 1N1564A 3-12 1N1742 2-31 
1N1355 2-10 1N1565 3-12 1N1742A 2-31 
1N1356 2-10 1N1565A 3-12 1N1765 2-11 
1N1357 2-10 1N1566 3-12 1N1766 2-11 
1N1358 2-10 1N1566A 3-12 1N1767 2-11 
1N1359 2-10 1N1567 3-12 1N1768 2-11 
1N1360 2-10 1IN1567A 3-12 1N1769 2-11 
1N1361 2-10 1N1568 3-12 1N1770 2-11 
1N1362 2-10 1N1568A 3-12 1N1771 2-11 
1N1363 2-10 1N1588 2-11 1N1772 2-11 
1N1364 2-10 1N1589 2-11 1N1773 2-11 
1N1365 2-10 1N1590 2-11 1N1774 2-11 
1N1366 2-10 1N1591 2-11 1N1775 2-11 
1N1367 2-10 1N1592 2-11 1IN1776 2-11 
1N1368 2-10 1N1593 2-11 1N1777 2-11 
1N1369 2-10 1N1594 2-11 1N1778 2-11 
1N1370 2-10 1N1595 2-11 1N1779 2-11 
1N1371 2-10 1N1596 2-11 1N1780 2-11 
1N1372 2-10 1N1597 2-11 1N1781 2-11 
1N1373 2-10 1N1598 2-11 1N1782 2-11 
1N1374 2-10 1N1599 2-11 1N1783 2-11 
1N1375 2-10 1N1600 2-11 1N1784 2-11 
1N1507 2-11 1N1601 2-11 1N1785 2-11 
1N1508 2-11 1N1602 2-11 1N1786 2-11 
1N1509 2-11 1N1603 2-11 1N1787 2-11 
1N1510 2-11 1N1604 1N1788 
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DEVICE LISTING (continued) 


Device Type Page Device Type Page Device Type Page 


1N1789 2-11 1N2009 2-12 ~ 1N2623B 2-31 
1N1790 2-11 1N2010 2-12 1N2624 2-31 
1N1791 2-11 1N2011 2-12 1N2624A 2-31 
1N1792 2-11 1N2012 2-12 1N2624B 2-31 
1N1793 2-11 1N2032 2-12 1N2765 2-31 
1N1794 2-11 1N2033 2-12 1N2765A 2-31 
1N1795 2-11 1N2034 2-12 1N2766 2-31 
1N1796 2-11 1N2035 2-12 IN2766A 2-31 
1N1797 2-11 1N2036 2-12 1N2767 2-31 
1N1798 2-11 1N2037 2-12 IN2767A 2-31 
1N1799 2-11 1N2038 2-12 1N2768 2-31 
1N1800 2-11 1N2039 2-12 1N2768A 2-31 
1N1801 2-11 1N2040 2-12 1N2769 2-31 
1N1802 2-11 1N2041 2-12 IN2769A 2-31 
1N1803 2-12 1N2042 2-12 IN2770 2-31 
1N1804 2-12 1N2043 2-12 IN2770A 2-31 
1N1805 2-12 1N2044 2-12 1N2804 2-13 
1N1806 2-12 1N2045 2-12 1N2805 2-13 
1N1807 2-12 1N2046 2-12 1N2806 2-13 
1N1808 2-12 1N2047 2-12 1N2807 2-13 
1N1809 2-12 1N2048 2-12 1N2808 2-13 
1N1810 2-12 1N2049 2-12 1N2809 2-13 
1N1811 2-12 1N2382 4-20 1N2810 2-13 
1N1812 2-12 1N2383 4-20 1N2811 2-13 
1N1813 2-12 1N2384 4-20 1N2812 2-13 
1N1814 2-12 1N2385 4-20 1N2813 2-13 
1N1815 2-12 1N2498 2-12 1N2814 2-13 
1N1816 2-12 1N2499 2-12 1N2815 2-13 
1N1817 2-12 1N2500 2-12 1N2816 2-13 
1N1818 2-12 1N2609 3-13 1N2817 2-13 
1N1819 2-12 1N2610 3-13 1N2818 2-13 
1N1820 2-12 1N2611 3-13 1N2819 2-13 
1N1821 2-12 1N2612 3-13 1N2820 2-13 
1N1822 2-12 1N2613 3-13 1N2821 2-13 
1N1823 2-12 1N2614 3-13 1N2822 2-13 
1N1824 2-12 1N2615 3-13 1N2823 2-13 
1N1825 2-12 1N2616 3-13 1N2824 2-13 
1N1826 2-12 1N2617 3-13 1N2825 2-13 
1N1827 2-12 1N2620 2-31 1N2826 2-13 
1N1828 2-12 1N2620A 2-31 1N2827 2-13 
1N1829 2-12 1N2620B 2-31 1N2828 2-13 
1N1830 2-12 1N2621 2-31 1N2829 2-13 
1N1831 2-12 IN2621A 2-31 1N2830 2-13 
1N1832 2-12 1N2621B 2-31 1N2831 2-13 
1N1833 2-12 1N2622 2-31 1N2832 2-13 
1N1834 2-12 . 1N2622A 2-31 1N2833 2-13 
1N1835 2-12 1N2622B 2-31 1N2834 2-13 
1N1836 2-12 1N2623 2-31 1N2835 2-13 
1N2008 2-12 1N2623A 2-31 1N2836 2-13 
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1N2837 1N3009 2-15 1N3157 2-31 
1N2838 2-13 1N3010 2-15 IN3157A 2-31 
1N2839 2-13 1N3011 2-15 1N3189 3-13 
1N2840 2-13 1N3012 2-15 1N3190 3-13 
1N2841 2-13 1N3013 2-15 1N3191 3-13 
1N2842 2-13 1N3014 2-15 1N3208 3-13 
1N2843 2-13 1N3015 2-15 1N3209 3-13 
1N2844 2-13 1N3016 2-17 1N3210 3-13 
1N2845 2-13 1N3017 2-17 1N3211 3-13 | 
1N2846 2-13 1N3018 2-17 1N3212 3-13 
1N2970 2-15 1N3019 2-17 1N3213 3-8 
1N2971 2-15 1N3020 2-17 1N3214 3-8 
1N2972 2-15 1N3021 2-17 1N3282 3-14 
1N2973 2-15 1N3022 2-17 1N3283 3-14 
1IN2974 2-15 1N3023 2-17 1N3284 3-14 
1N2975 2-15 1N3024 2-17 1N3285 3-14 
1N2976 2-15 1N3025 2-17 1N3286 3-14 
1N2977 2-15 1N3026 2-17 1N3305 2-19 
1N2978 2-15 1N3027 2-17 1N3306 2-19 
1N2979 2-15 1N3028 2-17 1N3307 2-19 
1N2980 2-15 1N3029 2-17 1N3308 2-19 
1N2981 2-15 1N3030 2-17 1N3309 2-19 
1N2982 2-15 1N3031 2-17 1N3310 2-19 
1N2983 2-15 1N3032 2-17 1N3311 2-19 
1N2984 2-15 1N3033 2-17 1N3312 2-19 
1N2985 2-15 1N3034 2-17 1N3313 2-19 
1N2986 2-15 1N3035 2-17 1N3314 2-19 
1N2987 2-15 1N3036 2-17 1N3315 2-19 
1N2988 2-15 1N3037 2-17 1N3316 2-19 
1N2989 2-15 1N3038 2-17 1N3317 2-19 
1N2990 2-15 1N3039 2-17 1N3318 2-19 
1N2991 2-15 1N3040 2-17 1N3319 2-19 
1N2992 2-15 1N3041 2-17 1N3320 2-19 
1N2993 2-15 1N3042 2-17 1N3321 2-19 
1N2994 2-15 1N3043 2-17 1N3322 2-19 
1N2995 2-15 1N3044 2-17 1N3323 2-19 
1N2996 2-15 1N3045 2-17 1N3324 2-19 
1N2997 2-15 1N3046 2-17 1N3325 2-19 
1N2998 2-15 1N3047 2-17 1N3326 2-19 
1N2999 2-15 1N3048 2-17 1N3327 2-19 
1N3000 2-15 1N3049 2-17 1N3328 2-19 
1N3001 2-15 1N3050 2-17 1N3329 2-19 
1N3002 2-15 1N3051 2-17 1N3330 2-19 
1N3003 2-15 1N3154 2-31 1N3331 2-19 
1N3004 2-15 1N3154A 8 2-31 1N3332 2-19 
1N3005 2-15 1N3155 2-31 1N3333 2-19 
1N3006 2-15 IN3155A 2-31 1N3334 2-19 
1N3007 2-15 1N3156 2-31 1N3335 2-19 
-1N3008 2-15 1N3156A 2-31 1N3336 2-19 
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1N3337 1N3687 2-20 1N3818 

1N3338 2-19 1N3688 2-20 1N3819 2-21 
1N3339 2-19 1N3689 2-20 1N3820 2-21 
1N3340 2-19 1N3690 2-20 1N3821 2-23 
1N3341 2-19 1N3691 2-20 1N3822 2-23 
1N3342 2-19 1N3692 2-20 1N3823 2-23 
1N3343 2-19 1N3693 2-20 1N3824 2-23 
1N3344 2-19 1N3694 2-20 1N3825 2-23 
1N3345 2-19 1N3695 2-20 1N3826 2-23 
1N3346 2-19 1N3696 2-20 1N3827 2-23 
1N3347 2-19 1N3697 2-20 1N3828 2-23 
1N3348 2-19 1N3698 2-20 1N3829 2-23 
1N3349 2-19 1N3699 2-20 1N3830 2-23 
1N3350 2-19 1N3700 2-20 1N3879 3-20 
1N3491 3-15 1N3701 2-20 1N3880 3-20 
1N3492 3-15 1N3702 2-20 1N3881 3-20 
1N3493 3-15 1N3703 2-20 1N3882 3-20 
1N3494 3-15 1N3785 2-21 1N3883 3-20 
1N3495 3-15 1N3786 2-21 1N3889 3-20 
1N3580 2-31 1N3787 2-21 1N3890 3-20 
1N3580A 2-31 1N3788 2-21 1N3891 3-20 
1N3580B 2-31 1N3789 2-21 1N3892 3-20 
1N3581 2-31 1N3790 2-21 1N3893 3-20 
1N3581A 2-31 1N3791 2-21 1N3993 2-24 
1N3581B 2-31 1N3792 2-21 1N3994 2-24 
1N3582 2-31 1N3793 2-21 1N3995 2-24 
1N3582A 2-31 1N3794 2-21 1N3996 2-24 
1N3582B 2-31 1N3795 2-21 1N3997 2-24 
1N3611 3-17 1N3796 2-21 1N3998 2-24 
1N3612 3-17 1N3797 2-21 1N3999 2-24 
1N3613 3-17 1N3798 2-21 1N4000 2-24 
1N3649 3-18 1N3799 2-21 1N4001 3-23 
1N3650 3-18 1N3800 2-21 1N4002 3-23 
1N3659 3-18 1N3801 2-21 1N4003 3-23 
1N3660 3-18 1N3802 2-21 1N4004 3-23 
1N3661 3-18 1N3803 2-21 1N4005 3-23 
1N3662 3-18 1N3804 2-21 1N4006 3-23 
1N3663 3-18 1N3805 2-21 1N4007 3-23 
1N3675 2-20 1N3806 2-21 1N4099 2-25 
1N3676 2-20 1N3807 2-21 1N4100 2-25 
1N3677 2-20 1N3808 2-21 1N4101 2-25 
1N3678 2-20 1N3809 2-21 1N4102 2-25 
1N3679 2-20 1N3810 2-21 1N4103 2-25 
1N3680 2-20 1N3811 2-21 1N4104 2-29 
1N3681 2-20 1N3812 2-21 1N4105 2-25 
1N3682 2-20 1N3813 2-21 1N4106 2-25 
1N3683 2-20 1N3814 2-21 1N4107 2-25 
1N3684 2-20 1N3815 2-21 1N4108 2-25 
1N3685 2-20 1N3816 2-21 1N4109 2-25 


1N3686 1N3817 1N4110 
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1N4111 
1N4112 
1N4113 
1N4114 
1N4115 
1N4116 
1N4117 


1N4729 
1N4730 
1N4731 
1N4732 
1N4733 
1N4734 
1N4735 


1N4778 
1N4779 
1N4780 
1N4781 
1N4782 
1N4783 
1N4784 


1N4118 1N4736 2N173 
1N4119 1N4737 2N174 
1N4120 1N4738 2N176 
1N4121 1N4739 2N178 
1N4122 1N4740 2N242 
1N4123 1N4741 2N277 
1N4124 IN4742 2N278 
1N4125 IN4743 2N297A 
1N4126 1N4744 2N307 
1N4127 1N4745 2N307A 
1N4128 1N4746 2N319 
1N4129 1N4747 2N320 
1N4130 1N4748 2N321 
1N4131 1N4749 2N322 
1N4132 1N4750 2N323 
1N4133 1N4751 2N324 
1N4134 1N4752 2N331 
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1N4135 1N4753 2N350A 
1N4370 1N4754 2N351A 
1N4371 IN4755 2N375 

1N4372 IN4756 2N376A 
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1N4757 2N378 
1N4758 2N379 
1N4759 2N380 
1N4760 2N381 
1N4761 2N382 
1N4762 2N383 
1N4763 2N398 
1N4764 2N398A 
1N4765 2N441 
1N4766 2N442 
1N4767 2N443 
1N4768 2N459 
1N4769 2N459A 
1N4770 2N460 
1N4771 2N461 
1N4772 2N464 
1N4773 2N465 
1N4774 2N466 
1N4775 2N467 
1N4776 2N508 
1N4777 2N524 


1N4386 
1N4387 
1N4388 
1N4565 
1N4566 
1N4567 
1N4568 
1N4569 
1N4570 
1N4571 
1N4572 
1N4573 
1N4574 
1N4719 
1N4720 
1N4721 
1IN4722 
1N4723 
1N4724 
IN4725 
1N4728 
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2N525 7-17 2N828A 8-54 2N1162 6-40 
2N526 7-17 2N829 8-54 2N1163 6-40 
2N527 7-17 2N834 8-57 2N1164 6-40 
2N554 6-13 2N835 8-57 2N1165 6-40 
2N555 6-13 2N838 8-59 2N1166 6-40 
2N618 6-23 2N869 8-61 2N1167 6-40 
2N650 7-20 2N914 8-63 2N1175 7-33 
2N650A 7-20 2N915 8-65 2N1185 7-25 
2N651 7-20 2N916 8-67 2N1186 7-25 
2N651A 7-20 2N918 8-68 2N1187 7-25 
2N652 7-20 2N929 8-69 2N1188 7-25 
2N652A 7-20 2N930 8-69 2N1189 7-28 
2N653 7-22 2N956 8-42 2N1190 7-28 
2N654 1-22 2N960 8-71 2N1191 7-30 
2N655 7-22 2N961 8-71 2N1192 7-30 
2N665 6-31 2N962 8-71 2N1193 7-30 
2N669 6-11 2N963 8-73 2N1194 7-30 
2N681 5-9 2N964 8-71 2N1195 8-83 
2N682 5-9 2N964A 8-75 2N1204 8-85 
2N683 5-9 2N965 8-71 2N1204A 8-85 
2N684 5-9 2N966 8-71 2N1358 6-9 

2N685 0-9 2N967 8-73 2N1359 6-23 
2N686 9-9 2N968 8-77 2N1360 6-23 
2N687 9-9 2N969 8-77 2N1362 6-23 
2N688 9-9 2N970 8-77 2N1363 6-23 
2N689 3-9 2N971 8-77 2N1364 6-23 
2N697 8-28 2N972 8-77 2N1365 6-23 
2N700 8-29 2N973 8-77 2N1408 7-32 
Z2N700A 8-29 2N974 8-77 2N1412 6-43 
2N705 8-31 2N975 8-77 2N1413 1-33 
2N706 8-33 2N985 8-79 2N1414 7-33 
2N7T06A 8-33 2N995 8-61 2N1415 7-33 
2N706B 8-33 2N1008 7-24 2N1420 8-28 
2N707 8-35 2N1008A 17-24 2N1494 8-85 
Z2NT07TA 8-35 2N1008B 17-24 2N1494A 8-85 
2N708 8-37 2N1011 6-33 2N1495 8-85 
2N710 8-38 2N1073 6-35 2N1496 8-85 
2N711 8-39 2N1073A 6-35 2N1529 6-46 
2N7T11A 8-39 2N1073B 6-35 2N1530 6-46 
2N711B 8-39 2N1099 6-16 2N1531 6-46 
2N718 8-28 2N1100 6-9 2N1532 6-46 
2N718A 8-42 2N1120 6-38 2N1533 6-46 
2N722 8-44 2N1131 8-81 2N1534 6-46 
2N741 8-46 2N1132 8-44 2N1535 6-46 
2N741A 8-46 2N1132A 8-44 2N1536 6-46 
2N744 8-48 2N1132B 8-44 2N1537 6-46 
2N753 8-33 2N1141 8-83 2N1538 6-46 
2N827 8-50 2N1142 8-83 2N1539 6-49 
2N828 8-52 2N1143 8-83 2N1540 6-49 
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2N1541 6-49 2N1849A 5-15 2N2193B 8-91 
2N1542 6-49 2N1850 5-13 2N2194 8-91 
2N1543 6-49 QN1850A 5-15 2N2194A 8-91 
2N1544 6-49 2N1924 1-37 2N2194B 8-91 
2N1545 6-49 2N1925 7-37 2N2195 8-91 
2N1546 6-49 2N1926 =7-37 2N2195A 8-91 
2N1547 6-49 2N1970 6-56 2N2195B 8-91 
2N1548 6-49 2N1980 6-56 2N2217 8-93 
2N1549 6-52 2N1981 6-56 2N2218 8-93 
2N1550 6-52 2N1982 6-56 2N2218A 8-95 
2N1551 6-52 2N1991 8-81 2N2219 8-93 
2N1552 6-52 2N2042 7-39 2N2219A 8-95 
2N1553 6-52 2N2043 7-39 2N2220 8-93 
2N1554 6-52 2N2060 9-4 2N2221 8-93 
2N1555. 6-52 2N2060A 9-4 2N2221A 8-95 
2N1556 6-52 2N2075 6-57 2N2222 8-93 
2N1557 6-52 2N2076 6-57 2N2222A 8-95 
2N1558 6-52 2N2077 6-57 2N2223 9-4 
2N1559 6-52 2N2078 6-57 2N2223A 9-4 
2N1560 6-52 2N2079 6-57 2N2256 8-99 
2N1561 8-88 2N2080 6-57 2N2257 8-99 
2N1562 8-88 2N2081 6-57 2N2258 8-99 
2N1595 5-11 2N2082 6-57 2N2259 8-99 
2N1596 5-11 2N2096 8-85 2N2303 8-44 
2N1597 5-11 2N2097 8-85 2N2330 8-102 
2N1598 5-11 2N2099 8-85 2N2331 8-102 
2N1599 5-11 2N2100 8-85 2N2369 8-104 
2N1613 8-42 2N2137 6-60 2N2381 8-107 
2N1692 8-88 2N2138 6-60 2N2382 8-107 
2N1693 8-88 2N2139 6-60 2N2480 9-4 
2N1705 7-35 2N2140 6-60 2N2480A 9-4 
2N1706 7-35 2N2141 6-60 2N2481 8-109 
2N1707 7-35 2N2142 6-60 2N2490 6-67 
2N1711 8-42 2N2143 6-60 2N2491 6-67 
2N1842 5-13 2N2144 6-60 2N2492 6-67 
2N1842A 5-15 2N2145 6-60 2N2493 6-67 
2N1843 5-13 2N2146 6-60 2N2501 8-112 
2N1843A 5-15 2N2152 6-63 2N2526 6-68 
2N1844 5-13 2N2153 6-63 2N2527 6-68 
2N1844A 5-15 2N2154 6-63 2N2528 6-68 
2N1845 5-13 2N2156 6-63 2N2537 8-114 
2N1845A 5-15 2N2157 6-63 2N2538 8-114 
2N1846 5-13 2N2158 6-63 2N2539 8-114 
2N1846A 5-15 2N2171 7-10 2N2540 8-114 
2N1847 «5-18 2N2192 8-91 2N2573 5-17 
2N1847A 5-15 2N2192A 8-91 2N2574 5-17 
2N1848 5-13 2N2192B 8-91 2N2575 5-17 
2N1848A 5-15 2N2193 8-91 2N2576. 5-17 
2N1849 5-13 2N2193A 8-91 2N2577 5-17 
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2N2578 5-17 2N3244 8-145 2N3444 8-155 
2N2579 5-17 2N3245 8-145 2N3445 6-84 
2N2630 8-115 2N3248 8-148 2N3446 6-84 
2N2635 8-117 2N3249 8-148 2N3447 6-84 
2N2728 6-70 2N3250 8-151 2N3448 6-84 
~ 2N2800 8-119 2N3250A 8-151 2N3467 8-190 
2N2801 8-119 2N3251 8-151 2N3468 8-190 
2N2832 6-72, 2N3251A 8-151 2N3480 9-9 
| 8-121 2N3252 8-155 2N3481 9.9 
2N2833 6-72 2N3253 8-155 2N3483 9-9 
2N2834 2N3279 8-158 2N3484 9-9 
2N3280 8-158 2N3485 8-123 
2N2837 8-119 2N3281 8-158 2N3485A 8-123 
2N2838 8-119 2N3282 8-158 2N3486 8-123 
2N2904 8-123 2N3283 8-160 2N3486A 8-123 
2N2904A 8-123 2N3284 8-160 2N3493 8-193 
2N2905 8-123 2N3285 8-160 2N3494 8-195 
2N2905A 8-123 2N3286 8-160 2N3495 8-195 
2N2906 8-123 2N3287 8-163 2N3496 8-195 
2N2906A 8-123 2N3288 8-163 2N3497 8-195 
2N2907 8-123 2N3289 8-163 2N3498 8-197 
2N2907A 8-123 2N3290 8-163 2N3499 8-197 
2N2912 6-74 2N3291 8-165 2N3500 8-197 
2N2929 8-127 2N3292 8-165 2N3501 8-197 
2N2947 8-129 2N3293 8-165 2N3506 8-202 
2N2948 8-129 2N3294 8-165 2N3507 8-202 
2N2949 8-131 2N3295 8-167 2N3508 8-204 
2N2950 8-131 2N3296 8-170 2N3509 8-204 
2N2951 8-133 2N3297 8-173 2N3510 8-207 
2N2952 8-133 2N3298 8-176. 2N3511 8-207 
2N2955 8-136 2N3307 8-178 2N3544 8-210 
2N2956 8-136 2N3308 8-178 2N3546 8-211 
2N2957 8-136 2N3309 8-180 2N3553 8-187 
2N2958 8-139 2N3309A 8-182 2N3611 6-88 
2N2959 8-139 2N3311 6-81 2N3612 6-88 
2N3021 6-76 2N3312 6-81 2N3613 6-88 
2N3022 6-76 2N3313 6-81 2N3614 6-88 
2N3023 6-76 2N3314 6-81 2N3615 6-91 
2N3024 6-76 2N3315 6-81 2N3616 6-91 
2N3025 6-76 2N3316 6-81 2N3617 6-91 
2N3026 6-76 2N3323 8-184 2N3618 6-91 
2N3115 8-139 2N3324 8-184 2N3632 8-187 
2N3116 8-139 2N3325 8-184 2N3634 8-214 
2N3133 8-141 2N3375 8-187 2N3635 8-214 
2N3134 8-141 2N3409 9-7 2N3636 8-214 
2N3135 8-141 2N3410 9-7 2N3637 8-214 
2N3136 8-141 2N3411 9-7 2N3647 8-207 
2N3137 8--143 2N3427 1-41 2N3648 8-207 
2N3227 2N3428 7-41 2N3664 8-218 
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2N3713 
2N3714 
2N3715 
2N3716 
2N3717 
2N3718 
2N3719 


2N3720 


2N3742 
‘2N3743 
2N3783 
2N3784 
2N3785 
2N3796 
2N3797 
2N3798 
2N3799 
2N3800 
2N3801 


MC312 
MC351 
MC352 
MC353 
MC354 
MC355 
MC356 
MC357 
MC358 
MC359 
MC360 
MC361 
MC362 
MC401 


. MC402 


MC908 
MC909 
MC910 
MC911 
MC912 
MC913 


2N3802 MC921 
2N3803 MC1110 
2N3804 MC1111 


2N3805 MC 1112 
2N3806 MC1113 
2N3807 MC1114 
2N3808 MC1115 
2N3809 MC1116 
2N3810 MC1117 
2N3811 MC1118 
2N3818 MC1513 
Series 300 MC1519 
MA112 MC 1524 
MA113 MC1525 
MA114 MC 1526 
MA115 MC 1527 
MA116 MC 1528 
MA117 MCA1911 
MA286 MCA1912 
MA287 MCA1913 
MA288 MCA1914 
MA881 MCA1921 
MA882 MCA1922 
MA883 MCA1923 
MA884 MCA1924 
MA885 MCA1931 
MA886 MCA1932 
MA887 MCA1933 
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MCA1934 
MCA2011 
MCA2012 
MCA2013 
MCA2014 
MCA2021 
MCA2022 
MCA2023 
MCA2024 
MCA2031 
MCA2032 
MCA2033 
MCA2034 
MCA2111 
MCA2112 
MCA2113 
MCA2114 
MCA2121 
MCA2122 
MCA2123 
MCA2124 
MCA2131 
MCA2132 
MCA2133 
MCA2134 
MCA2211 
MCA2212 
MCA2213 
MCA2214 
MCA2221 
MCA2222 
MCA2223 
MCA2224 
MCA2231 
MCA2232 
MCA2233 
MCA2234 
MCR649-1 
MCR649-2 
MCR649-3 
MCR649-4 
MCR649-5 
MCR649-6 
MCR649-7 
MCR729-5 
MCR729-6 
MCR1729-7 
MCR729-8 
MCR729-9 


MCR729-10 
MCR808- 1 
MCR808R- 1 
MCR808-2 
MCR808R-2 
MCR808-3 
MCR808R-3 
MCR808-4 
MCR808R-4 
MCR808-5 
MCR808R-5 
MCR808-6 
MCR808R-6 
MCR846- 1 
MCR846-2 
MCR846-3 
MCR846-4 
MCR914-1 
MCR914-2 
MCR914-3 
MCR914-4 
MCR914-5 
MCR914-6 
MCR1304-1 
MCR1304R-1 
MCR1304-2 
MCR1304R-2 
MCR1304-3 


MCR1304R-3 > 


MCR1304-4 
MCR1304R-4 
MCR1304-5 
MCR1304R-5 
MCR1304-6 
MCR1304R-6 
MCR1305-1 
MCR1305R- 1 
MCR1305-2 
MCR1305R-2 
MCR1305-3 
MCR1305R-3 
MCR1305-4 
MCR1305R-4 
MCR1305-5 
MCR1305R-5 
MCR1305-6 
MCR1305R-6 
MCR1308-1 
MCR1308R- 1 


MCR1308-2 
MCR1308R-2 
MCR1308-3 
MCR1308R-3 
MCR1308-4 


.MCR1308R-4 


MCR1308-5 
MCR1308R-5 
MCR1308-6 
MCR1308R-6 
MCR1604-1 
MCR1604R-1 
MCR1604-2 
MCR1604R-2 
MCR1604-3 
MCR1604R-3 
MCR1604-4 
MCR1604R-4 
MCR1604-5 
MCR1604R-5 
MCR1604-6 
MCR1604R-6 
MCR1605-1 
MCR1605R- 1 
MCR1605-2 
MCR1605R-2 
MCR1605-3 
MCR1605R-3 
MCR1605-4 
MCR1605R-4 
MCR1605-5 
MCR1605R-5 
MCR1605-6 
MCR1605R-6 
MCR1718-5 
MCR1718-6 
MCR1718-7 
MCR1718-8 
MCR1907-1 
MCR1907-2 
MCR1970-3 
MCR1970-4 
MCR1970-5 
MCR1970-6 
MCR2304-1 
MCR2304R-1 
MCR2304-2 
MCR2304R-2 
MCR2304-3 


5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
5-25 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-34 
5-30 
5-30 
5-30 
5-30 
5-32 
5-32 
5-32 
5-32 
5-32 
5-32 
5-34 
5-34 
5-34 
5-34 
5-34 


—— Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type Page Device Type Page Device Type Page 


MCR2304R-3 
MCR2304-4 
MCR2304R-4 
MCR2304-5 
MCR2304R-5 
MCR2304-6 
MCR2304R-6 
MCR2305-1 
MCR2305R-1 
MCR2305-2 
MCR2305R-2 
MCR2305-3 
MCR2305R-3 
MCR2305-4 
MCR2305R- 4 
MCR2305-5 
MCR2305R-5 
MCR2305-6 
MCR2305R-6 
MCR2604- 1 
MCR2604R- 1 
MCR2604-2 
MCR2604R-2 
MCR2604-3 
MCR2604R-3 
MCR2604-4 
MCR2604R- 4 
MCR2604-5 
MCR2604R-5 
MCR2604-6 
MCR2604R-6 
MCR2605- 1 
MCR2605R- 1 
MCR2605-2 
MCR2605R-2 
MCR2605-3 
MCR2605R-3 
MCR2605- 4 
MCR2605R-4 
MCR2605-5 
MCR2605R-5 
MCR2605-6 
MCR2605R-6 
MCS2135 
MCS2136 
MCS2 137 
MCS2138 
MD981 
MD982 
MD984 


MD985 
MD986 
MD990 
MD1120 
MD1121 
MD1122 
MD1123 
MD1124 
MD1125 
MD1126 
MD1127 
MD1128 
MD1129 
MD1130 
MD1131 
MD1132 
MD1133 
MD1134 
MDA920-1 
MDA 920-2 
MDA920-3 
MDA 920-4 
MDA 920-5 
MDA920-6 
MDA920-7 
MDA930- 1 
MDA930-2 
MDA930-3 
MDA930-4 
MDA930-5 
MDA930-6 
MDA930-7 
MDA940-1 
MDA940-2 
MDA 940-3 
MDA940-4 
MDA940-5 
MDA940-6 
MDA 940-7 
MDA942-1 
MDA942-2 
MDA 942-3 
MDA942-4 
MDA942-5 
MDA942-6 
MDA950- 1 
MDA950-2 
MDA 950-3 
MDA950-4 
MDA950-5 


MDA950-6 
MDA950-7 
MDA 952-1 
MDA 952-2 
MDA 952-3 
MDA952-4 
MDA952-5 
MDA952-6 
MDA 962-1 
MDA 962-2 
MDA 962-3 
MDA 962-4 
MDA 962-5 
MDA 1330 
MDA 1331 
MDA 1332 
MDA 1333 
MDA 1491-1 
MDA 1491-2 
MDA 1491-3 
MDA 1491-4 
MDA 1491-5 
MDA 1491-6 
MDA 1505-1 
MDA 1505-2 
MDA 1505-3 
MDA 1505-4 
MDA 1505-5 
MDA 1505-6 
MDA 1591-1 
MDA 1591-2 
MDA 1591-3 
MDA 1591-4 
MDA 1591-5 
MDA 1591-6 
ME1 USN 
ME2 USN 
ME3 USN 
ME4 USN 
ME5 USN 
ME6 USN 
MET USN 
ME8 USN 
MF8 12 
MF832 
MGCS$821-1 
MGCS$821-2 
MGCS821-3 
MGCS$821-4 
MGC$821-5 


—— Alpha-Numerical Device Listing 


DEVICE LISTING (continued) 


Device Type Page Device Type Page Device Type Page 


MGCS821-6 5-37 MR1030 3-24 MR1261 3-36 
MGCS924-1 5-41 MR1031 3-24 MR1262 3-36 
MGCS924-2 5-41 MR1032 3-24 MR1263 3-36 
MGCS924-3 5-41 MR1033 3-24 MR1264 3-36 
MGCS924-4 5-41 MR1034 3-24 MR1265 3-36 
MGCS924-5 5-41 MR1035 3-24 MR1266 3-36 
MGCS924-6 5-41 MR1036 3-24 MR1267 3-36 
MGCS925-1 5-41 MR1038 3-24 MR1290 3-38 
MGCS925-2 5-41 MR1040 3-24 MR1291 3-38 
MGCS925-3 5-41 MR1200 3-26 MR1292 3-38 
MGCS925-4 5-41 MR1201 3-26 MR1293 3-38 
MGCS925-5 5-41 MR1202 3-26 MR1294 3-38 
MGCS925-6 5-41. MR1203 3-26 MR1295 3-38 
MM1803 8-143 MR1204 3-26 MR1296 3-38 
MM1941 8-244 MR1205 3-26 MR1297 3-38 
MM1943 8-246 MR1206 3-26 MR1337-1 3-40 
MM2090 9-47 MR1207 3-26 MR1337-2 3-40 
MM2091 9-47 MR1210 3-28 MR1337-3 3-40 
MM2092 9-50 MR1211 3-28 MR1337-4 3-40 
MM2503 MR1212 3-28 MR1337-5 3-40 
MM2550 8-248 MR1213 3-28 MV1808 10-11 
MM2552 8-250 MR1214 3-28 MV1864A —_ 10-18 
MM2554 8-252 MR1215 3-28 MV 1866 10-14 
MM2894 8-254 MR1216 3-28 MV 1868 10-14 
MP500 8-256 MR1217 3-28 MV 1870 10-16 
MP501 6-102 MR1220 3-30 MV1871 10-14 
MP502 6-102 MR1221 3-30 MV1872 10-17 
MP504 6-102 MR1222 3-30 MV1874 10-16 
MP505 6-102 MR1223 3-30 MV 1876 10-19 
MP506 6-102 MR1224 3-30 MV1877 10-14 
MP2060 6-102 MR1225 3-30 MV1878 10-16 
MP2061 6-104 MR1226 3-30 MV 1892 10-21 
MP2062 6-104 MR1227 3-30 M4L2052 10-22 
MP2063 6-104 MR1230 3-32 M4L2053 = 10-22 
MPS706 6-104 MR1231 3-32 M4L2054 
MPS834 8-259 MR1232 3-32 
MPS918 8-261 MR1233 3-32 
MPS2894 _—-8-263 MR1234 3-32 
MPS2923 8-265 MR1235 3-32 
MPS2924 8-267 MR1236 3-32 
MPS2925 8-267 MR1237 3-32 
MPS3563 = 8-267 MR1240 3-34 
MPS3639 8-263 MR1241 3-34 
MPS3640 8-268 MR1242 3-34 
MR322 8-271 MR1243 3-34 
MR323 3-15 MR1244 3-34 
MR324 3-15 MR1245 3-34 
MR325 3-15 MR1246 3-34 
MR326 MR1247 3-34 

MR1260 3-36 


—— Military Type Semiconductors 


MILITARY TYPE SEMICONDUCTORS 


Motorola offers a number of semiconductor devices that comply with the 
terms of military specifications. The following table lists these devices, the 
applicable military specifications and the appropriate page in the data sections 
of this manual. For additional information, military-type data sheets are 
available. 


SILICON ZENER DIODES page 
USN 1N746A thru USN 1N759A MIL-S-19500/127C 2-8 
USN 1N962B thru USN 1N984B MIL-S-19500/117B 2-9 
JAN 1N2804B thru JAN 1N2811B MIL-S-19500/114B 2-13 
JAN 1N2813B MIL-S-19500/114B 2-13 
JAN 1N2814B MiL-S-19500. 114B 2-13 
JAN 1N2816B MIL-S-19500/114B 2-13 
JAN 1N2818B thru JAN 1N28020B MIL-S-19500/114B 2-13 
JAN 1N2822B thru JAN 1N2827B MIL-S-19500/114B 2-13 
JAN 1N2838B MIL-S-19500/114B 2-13 
JAN 1N2840B thru JAN 1N2846B MIL-S-19500/114B 2-13 
JAN 1N2970B thru JAN 1N2977B MIL-S-19500/124C 2-15 
JAN 1N2979B MIL-S-19500/124C 2-15 
JAN 1N2980B MIL-S-19500/124C 2-15 
JAN 1N2982B MIL-S-19500/124C 2-15 
JAN 1N2984B MIL-S-19500/124C 2-15 
JAN 1N2988B thru JAN 1N2993B MIL-S-19500/124C 2-15 
JAN 1N2995B thru JAN 1N2997B MIL-S-19500/124C 2-15 
JAN 1N2999B thru JAN 1N3005B MIL-S-19500/124C 2-15 
~ JAN 1N3007B thru JAN 1N3009B MIL-S-19500/124C 2-15 
JAN 1N3011B | MIL-S-19500/124C 2-15 
JAN 1N3012B MIL-S-19500/124C 2-15 
JAN 1N3014B MIL-S-19500/124C 2-15 
JAN 1N3015B MIL-S-19500/124C 2-15 
USN 1N3016B thru USN 1N3051B MIL-S-19500/115D 2-17 
USN 1N3821A thru USN 1N3828A MIL-S-19500/115D 2-23 
USA 1N3993A thru USA 1N4000A MIL-S-19500/272 2-24 


USN 1N4370A thru USN 1N4372A MIL-S-19500/127C 2-8 
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—— Military Type Semiconductors 


SILICON REFERENCE DIODES 


JAN 1N429 
USN 1N821 
USN 1N823 
USN 1N825 
USN 1N827 
USN 1N829 
USN 1N935B 
USN 1N937B 
USN 1N938B 
USN 1N941B 
USN 1N943B 
USN 1N944B 


USN 1N3154 thru USN 1N3157 


SILICON RECTIFIERS 


USN 1N3611 thru USN 1N3613 


POWER TRANSISTORS 


JAN 2N174 

JAN 2N297A 
JAN 2N665 

USA 2N1011 
USA 2N1120 
USN 2N1165 
USN 2N1358 
USN 2N1412 


MILLIWATT TRANSISTORS 


JAN 2N331 
USN 2N398 
USAF 2N461 
USA 2N465 
JAN 2N466 
USA 2N467 
JAN 2N526 


USN 2N650A thru USN 652A 


MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/229 
MIL-S-19500/156B 
MIL-S-19500/156B 
MiL-S-19500/156B 
MIL-S-19500/157C 
MIL-S-19500/157C 
MIL-S-19500/157C 
MIL-S-19500/158C 


MIL-S-19500/228B 


MIL-T-19500/13A 
MIL-T-19500/36B 
MIL-S-19500/58C 
MIL-T-19500/67 
MIL-T-19500/68 
MIL-S-19500/178B 
MIL-S-19500/122A 
MIL-S-19500/76 


MIL-S-19500/4C 
MIL-S-19500/174 
MIL-T-19500/45 
MIL-T-19500/50A 
MIL-S-19500/51D 
MIL-T -19500/52B 
MIL-S-19500/60D 
MIL-S-19500/175A 
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HIGH-FREQUENCY TRANSISTORS 
USA 2N700A 

USN 2N705 

JAN 2N706 

USN 2N962 

USN 2N964 

USN 2N1131 

USN 2N1132 

USN 2N1142 

USN 2N1195 

USA 2N2218 

USA 2N2218A 

USA 2N2219 

USA 2N2219A 

USA 2N2221 

‘USA 2NZ221A 

USA 2N2222 

USA 2N2222A 

USN 2N2481 

USA 2N2904, A thru USA 2N2907, A 


INTEGRATED CIRCUITS 
USN ME 1 


USN ME 2 
USN ME 3 
USN ME 4 
USN ME 5 
USN ME 6 
USN ME 7 
USN ME 8 


MIL-S-19500/123 
MIL-S-19500/86 
MIL-S-19500/120A 
MIL-S-19500/258A 
MIL-S-19500/258A 
MIL-S-19500/177A 
MIL-S-19500/177A 
MIL-S-19500/87 
MIL-S-19500/71C 
MiL-S-19500/251D 
MIL-S-19500/251D 
MIL-S-19500/251D 
MIL-S-19500/251D 
MIL-S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/255D 
MIL-S-19500/268A 
MIL-S-19500/290A 


MIL-M-23700/1 
MIL-M-23700/2 
MIL-M-23700/3 
MIL-M-23700/4 
MIL-M-23700/5 
MIL-M-23700/6 
MIL-M-23700/7 
MIL-M-23700/8 
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8-29 
8-31 
8-33 
8-71 
8-71 
8-81 
8-44 
8-83 
8-83 
8-93 
8-95 
8-93 
8-95 
8-93 
8-95 
8-93 
8-95 
8-109 
8-123 


11-93 
11-96 
11-99 
11-102 
11-104 
11-107 
11-109 
11-111 


— MEG-A-LIFE Certified Reliability Assurance 


MEG-A-LIFE CERTIFIED RELIABILITY ASSURANCE 


Motorola's pioneering reliability assurance program, 'Meg-A-Life", of- 
fers germanium industrial transistors with certified reliability. Starting with 
germanium transistors from established production lines of known high-reli- 
ability, each Meg-A- Life production lot must pass a series of electrical, 
mechanical, environmental and life acceptance tests. The details of these 
tests, including the quality control limits, are fully specified on the special 
Meg-A-Life specification sheets available for each device type. 


The customer who specified Meg-A-Life transistors receives devices that 
are guaranteed to meet published specifications within stated quality control 
limits. With the purchase of 100 or more Meg-A-Life devices, the customer 
can request a certificate guaranteeing that the actual production lot from which 
the devices are shipped passed the acceptance tests. In addition, a copy ofthe 
actual test data is available to the customer's quality control department. 


This certified assurance of critical transistor parameters, in effect, pro - 
vides the customer with his own quality control inspector within the transistor 
manufacturing facility. 


Meg-A-Life transistors are indicated by the addition of the suffix "A" to 
the corresponding basictype number. Since Meg-A-Life transistors are elec- 
trically identical to the standard versions, the data pages referenced in the 
following table provide device characterization. 


Meg-A-Life Power Transistors Page 
2N1162A thru 2N1167A 6-40 
2N1529A thru 2N1532A 6-46 
2N1534A thru 2N1537A 6-46 
2N1539A thru 2N1542A 6-49 
2N1544A thru 2N1547A 6-49 
2N1549A thru 2N1560A 6-52 
2N2075A thru 2N2082A 6-57 
2N2137A thru 2N2146A 6-60 
2N2152A thru 2N2154A 6-63 
2N2156A thru 2N2158A 6-63 
MP500A thru MP502A 6-102 
MP504A thru MP506A 6-102 


Meg -A-Life Milliwatt Transistors 
-2N524A thru 2N527A 7-17 
2N650A thru 2N652A 7-20 
2N2042A thru 2N2043A 7-39 
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MEG-A-LIFE II 
A Realistic Approach to High Reliability Assurance 


Motorola has instituted the Meg-A-Life I program in order to provide its 
customers with high-reliability semiconductors atthe lowest possible cost and 
with the shortest possible delivery cycle. Starting with devices from produc- 
tion lines with known histories of reliability, Meg-A-Life II adds testing and 
processing operations designed to provide three ascending levels of reliability 
assurance, Level 1, Level 2, and Level 3. 

All three levels of Meg-A-Life II devices undergo reliability processing 
and screening designed to stabilize device parameters and eliminate failure- 
prone units. For level 2 devices, burn-in at rated load conditions followed by 
intensive screening is added. In addition to these steps, level 3 units receive 
individual lot acceptance testing, including life testing, to military or compar - 
able specifications. 

Reliability data, including a certificate of compliance and test results, is 
available on all Meg-A-Life II devices. (For level 3 devices, the reliability 
data is for the actuallot from which the devices are shipped. For levels 1 and 
2, the data is fromthe most recent lot of continuous production which has com- 
pleted acceptance tests. ) 

The most significant feature of the Meg-A-Life II program is that it pro- 
vides the required level of reliability assurance witha minimum of cost and 
deliverydelay. Thecost is lowbecause the cost of acceptance testing is spread 
over many units and prorated by order size. Delivery is rapid and "ton sched- 
ule'' because much of the testing and processing, including the time consum- 
ing life testing, is performed before receipt of the customer's order. 

For more detailed information, send for the brochure, "The Meg-A-Life 
II Program". 

The Motorola Meg-A-Life II Program currently applies to a selected num- 
ber of zener diodes and high-frequency transistors. These devices are elec- 
trically similar to the standard versions listed in the data sections of this man- 
ual. The following table lists currently available Meg-A-Life II devices and 
references the appropriate page in this manual for electrical data. 


Meg-A-Life II Zener Diodes Page 
IN746A thru 1N759A 2-8 
1N962B thru 1N984B 2-9 
1N2970B thru 1N3015B 2-15 
1N3016B thru 1N3051B 2-17 
1N3821A thru 1N3828A 2-23 
1N4370A thru 1N4372A 2-8 

Meg-A-Life II High-Frequency 

Transistors 
2N2218 thru 2N2219 8-93 
2N2218A thru 2N2219A 8-95 
2N2221 thru 2N2222 8-93 
2N2221A thru 2N2222A 8-95 
2N2904, A thru 2N2907,A 8-123 


1-22 


—— MEG-A-LIFE Ill ——— 


MEG-A-LIFE Il PROCESSING FOR HIGH-RELIABILITY ASSURANCE 
WITH THREE LEVELS OF RELIABILITY ASSURANCE 


(LISTINGS BENEATH BOXES ARE TESTS PERFORMED ON 2N2904 SERIES OF PNP 
SILICON EPITAXIAL STAR* TRANSISTORS) 


ORDER 
RECEIVED 
}+——————— 2 TO 4 WEEKS MINIMUM —___——+ 
CERTIFIED STOCK WAREHOUSE (on 7 
t 
SHIPMENT 
PRODUCTION be 
HOLDING AREA 
100% ) GROUP WITH GENERIC } eves 4 
a rccecne ¢ Conducted under same igen DATA 
conditions as those established 
for Group B inspection 

° High- ea PERIODIC LIFE TEST 

Temperature | Verification of Screen Effectiveness | 

Stabilization 
» Impact Shock BURN-IN GROUP 
* Constant AND A 

Acceleration SCREENING INSPECTIONS 
* High-Stress : 

Reverse Bias 


POTENTIAL 
ELECTRICAL LEVEL 3 AND gee aa ey LEVEL 3 
Pere ans pol S SCREENING INSPECTIONS DATA 
CES 
gio ne * Forward current + Inspection of + Reliability data 
Mil-S-19500/ LOT ACCEPTANCE TEST | — transfer ratio ren A from actual tot 
ei a EL a ais ’ = measured and parameters on from which units 
. tus eee MIL-TYPES es recorded a sample were selected. 
electrical ° shay power basis 
Sele onone as na a . Psee current 
needed TESTS TESTS transfer ratio 
via re measured and 
oN2o07 A recorded 
* Collector-base 
* Visual and * Physical cutoff current 
mechanical Dimensions * Collector- 
examination * Solderability emitter 
* Collector-base * Temperature saturation 
¢ Extrapolated breakdown Cycling voltage 
unity gain voltage » Thermal Shock + Base emitter 
frequency + Emitter-base + Moisture saturation 
* Output breakdown Resistance voltage 
capacitance voltage » End-Point Tests 
* Small-signal * Collector- + Shock 
forward current emitter * Constant 
transfer ratio breakdown Acceleration 
° Input voltage * Vibration 
capacitance  Collector-base Fatigue 
° High- cutoff current * Vibration, 
temperature ¢ Forward current alent 
operation transfer ratio requency 
* Collector-base * Collector- * End-Point Tests STEP SEE Her eae EACH 
cutoff current emitter + Lead Fatigue , E. 
+ Low- saturation + Salt Atmosphere 
temperature voltage * High- 
operation * Base-emitter Temperature 
+ Forward current saturation Life 
transfer ratio voltage + End-Point Tests 
° Switching » Forward current * Steady-State 
parameters transfer ratio Operation Life 
+ End-Point Tests 
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@ 100% RELIABILITY PROCESSING 


Potential Meg-A-Life II devices are subjected to 100 per cent reliability 
processing using conditioning steps specifically selected for each type of de- 
vice. 


(@) PARAMETER CLASSIFYING BY TYPE 


Devices that pass 100 per cent reliability processing are submitted to final 
testing of electrical parameters where classification by types is made. 


@) MAINTAINING LOT IDENTITY 


The lot is divided into two sections which are mofed into the holding area 
of a certified stock warehouse. Both sections of the lot are identified with a 
common lot number. One section is used to fill immediate orders for Meg-A- 
Life IT Levels 1 and 2 devices (accompanied by generic Group B test results). 


_ The second section is held intact pending satisfactory completion of lot ac- 
ceptance tests. After the tests are satisfactorily completed, tnis second sec- 
tion is transferred to a stocking area in tne warehouse from whicn Motorola 
can then offer military type devices or potential Meg-A~Life II Level 3 (ac- 
companied by lot Group B test results). Individual lot identity is carefully 
maintained throughout the entire process. 


@ LTPD SAMPLING | 


The generic data provided with Level 1 and 2 devices is drawnfrom samples 
which are taken from a production run during a specific period of time or from 
a process batch (lot). If you order 10-watt zener diodes under the Meg-A-Life 
Il program, for example, the sample is randomly selected only from the lines 
producing those diodes, rather thanfrom all zener diode lines. Further, sam- 
pling is done on a.regular basis. Sampling is based on the Lot Tolerance Per- 
cent Defective (LTPD) technique. 


@® LOT ACCEPTANCE TESTS 


Lot acceptance tests consist of Group A inspections (electrical character - 
istics per military specification or equivalent) and Group B inspections (en- 
vironmental and life tests per military specification or equivalent. Where 
an applicable military specification does not exist, an equivalent specification 
in Mil format is developed. | 

Group B inspections include a 1000-hour life test at specified conditions. 

This lot acceptance testing means that your order starts with devices hav - 
ing a higher assurance of reliability prior to initiating the other Meg-A-Life - 
II screening measures than that which many users are receiving as an end — 
product under other reliability assurance programs. Also it takes less time 
to fill your order because the mechanical, environmental, and 1000-hour life 
tests have already been completed. 

Effectiveness of the screens is frequently checked by comparing the lot ac- 
ceptance test data with the screen verification test data obtained later. 
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SCREENING FOR HIGHER RELIABILITY 


After receipt of order, all Level 2 and 3 products undergo burn-in and 
screening steps to further condition the devices for assurance of a higher de- 
gree of reliability (see pages 9 and 10). 

The Screening procedures used are selected specifically for tne type of de- 
vice ordered. Their selection is based upon a thorough knowledge of the be- 
havior of the devices and the procedures which will accelerate known failure 
modes. However, when ordering Level 2 or 3 products, you may elect to 
specify special burn-in and screening steps based upon your particular appli- 
cation. 


@ VERIFYING SCREEN EFFECTIVENESS 


This program of failure evaluation and feedback permits design and produc - 
tion improvements. Naturally, these improvements make the device imper- 
vious to certain of the failure modes for which the screening was originally 
selected. Asa result, the screens may be changed when so indicated by this 
analysis and feedback. 

Verification of screen effectiveness is determined by periodically conduct- 
ing follow-on operating life tests on previously screened devices. These life 
tests are conducted under the same conditions as those established for Group 
B inspection. This permits a direct comparison ofthe results before andafter 
screening. 


PRE-SHIPMENT GROUP A INSPECTION 


All three levels receive a Group A inspection based on your electrical re- 
quirements prior to shipment. 


CERTIFICATE OF COMPLIANCE 


Under Motorola's Meg-A-Life II program you may specify three levels of 
reliability assurance. 

A Certificate of Compliance is provided with each order. This certificate 
attests to the fact that the devices were processed in conformance with the 
specifications of the Motorola Meg-A-Life II program. 
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Motorola Device Outline Dimensions 


MOTOROLA DEVICE sede DIMENSIONS 
0-3 PACKAGE T0-41 PACKAGE 


CASE 1, 3, 11 CASE 4, 16 
io : 010 | 


All dimensions are in 
inches. 


T0-36 ae, 


ee 


£ 5 (WITH LUGS) 
CASE 6 (WITH FLEXIBLE LEADS) 
CASE 7 (WITH STRAIGHT LEADS) 


T0-17 PACKAGE T0-18 PACKAGE 
E 21 CASE 22 


_ = aor 


185 MAX 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


TO-46 PACKAGE 
CASE 26 


CASE 23 CASE 25 


ae 


TO-5 PACKAGE 


CASE ae CASE 31 


.335 MAX DIA 


aay? : : into 
1.5 MIN 


OIA ety (TYP) 


ik 
i 


6-LEAD T0-5 PACKAGE 


CASE 32, a CASE 34 
ar a DA poe 1A 


‘0.016 
0.019 OA 


DIM “A 
CASE 32 — 0.150/ 0.180. 
: CASE 32A — 0.260 MAX 
0.029 


0.045 
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Motorola Device Outline Dimensions ——— 


OUTLINE DIMENSIONS (continued) 


6-LEAD T0-18 PACKAGE T0-60 PACKAGE CERAMIC PACKAGE 
CASE 35 CASE 37 


CASE 41 CASE 43 


mee eee 


Cc 
+.002 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS continued) 
DO-7 GLASS PACKAGE 
CASE 51 


CASE 49 CASE 30 


nS 


(int 


TO-3 PACKAGE 


CASE 53 CASE 94 


+ | LE lao 
_. - = 


1.25 MIN | 


eee | 


as Lp + 005 
1.25 MIN ALL DIMENSION + .010 
a6 ho a EXCEPT WHEN SPECIFIED 


-DO-4 PACKAGE 


CASE 55 CASE 56 
iar ua | un [~ 256 MAX 


‘on — 
9 i 1.00 MAX 
Aly 
5 
135 


.21 MAX 
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Motorola Device Outline Dimensions ——— 


OUTLINE DIMENSIONS (continued) 


“SURMETIC” * 


CASE 98 CASE 60 


| CATHODE ale 051 = .005 DIA 
1.00 MIN 


.35 MAX DIA 


1.10 MIN 


.30 MAX 
a 0.45 MAX DIA 


(CATHODE) 


; 1,00 MIN 
POLARITY MARK 
ANODE ~ 


051 + .005 DIA 


MR1030A Series 


CASE 63 


i 200 MIN KNURL : 
{ ANODE 
ANODE 10-32 NF-2A 


T0-48 PACKAGE 


CASE 64 CASE 65 


.100 
CATHODE 
MCR1304 series 
ANODE 
 MCRI304R series 
ANODE | 
MCR1304 series 
CATHODE : 
MCR1304 series 


1-30 


Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 


CASE 67 CASE 68 CASE 69 


CATHODE 


ANODE MCR1604 series 


; ANODE 
MCRIGOAR series MCRIGO4 series 


CASE 70 


0.50 MAX 


= 


35 MAX 


em 


0.90 MIN 
| ANODE { [- CATHODE 


_ L 032 + .005 
051 + .005 fess 
DIA 


ANODE 
.03 
CATHODE : LEAD 1 IDENTIFIED SY 
: . IMPRESSION ON 
MR10308B Series s UNDERSIDE OF CASE. 


"Ch SE 78. TO-39 PACKAGE T0-66 PACKAGE 


E78 CASE 79 CASE 80 
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Motorola Device Outline Dimensions 


OUTLINE DIMENSIONS (continued) 
14-LEAD FLAT PACKAGE 5-LEAD TO-5 PACKAGE 8-LEAD T0-5 PACKAGE 


CASE 96, 96A 


LEAD 1 IDENTIFIED BY *RIL TYPES ONLY 
IMPRESSION ON CASE 96A: 10 PIN TO-5 


UNDERSIDE OF CASE. PIN CIRCLE = 0.230 


CASE 86 


0.090 0.080 
aig ATCAN arp AT CAN 


CASE 87 CASE 88 


| 2 15° DISPLACEMENT 


0.180 
0.200 
0.090 ar cay 
0.080 0.110 
ANODE, O10 AY CAN 
0.030 ,, 
6.036 CIA 
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MOTOROLA 
SILICON ZENER DIODES 
TEMPERATURE COMPENSATED DIODES 
REFERENCE AMPLIFIERS 


Motorola Silicon Zener Diodes 


300 
FORWARD 
CHARACTERISTIC 
TYPICAL 
(ALL TYPES) 200 
< 
E 
100 
REVERSE VOLTAGE 


(VOLTS) 


; 1.0 1.5 
V, (VOLTS) 


=< 
EO 
= REVERSE 
CHARACTERISTIC 
(See table for 
specific values) 
e |, - Forward Current e Vz - Nominal Zener Voltage 
e 1, - Zener Current e Z, - Zener Impedance 
© Iz - Zener Current Near o Zz, - Zener Impedance Near 
Breakdown Knee Breakdown Knee (12) 
© ta, - Maximum OC Zener Current e Zz, - Zener Impedance At 
(limited by power dissipation) Test Current (Iz1) 
e Iz, - Zener Test Current e |, - Reverse Current 
e V, - Forward Voltage e V, - Reverse Test Voltage 


e For high-reliability devices produced under the Meg-A-Life Il program, see 
page 1-22. 


e For case outline dimensions, see page 1-26. 


e For devices meeting military specifications, see page 1-18. 


Motorola Silicon Zener Diodes 


MOTOROLA SILICON ZENER DIODES 


The zener diode is unique within the semiconductor family of devices in that 
its important electrical properties are associated with a p-n- junction 
operated under reverse-bias avalanche (breakdown) conditions. The major 
electrical characteristics associated with such devices, from an applications 
viewpoint, are defined as follows: 


Zener Voltage -- (Vz) -- Nominal zener voltage, measured at a specified 
test current (I77) in the constant-voltage region, with the device junction 
in thermal equilibrium with a 25°C ambient temperature. 


Zener Impedance -- (Zz) -~ The impedance of a zener diode is normally 
specified at two points of the zener characteristics curve: at the knee of the 
zener plateau, and near the midrange of the zener excursion. The values of 
ZZ, are derived by superimposing a 60-cycle current on the zener test current 
(Iz) or on the zener knee current (I,;-) and measuring the resulting AC voltage 
across the device. The RMS value o he applied 60-cycle currentis 10% ofthe 
zener current (gm or Tox) 


A 100% CRT curve trace is used to insure that each zener diode breakdown 
region begins at a current lower than I7xK and continues at nearly constant 
voltage to a current level in excess of VAG 


Maximum Zener Current Rating -- (I ©) -- This current rating denotes the 
maximum current that can be supplied by a device without exceeding the rated 
power level. This depends, of course, onthe nominal zener voltage (V7). 


Reverse Current -- (IR) -- Reverse current is the leakage current of the 
zener diode in the non-conducting region of the device, i.e., in the area of an 
applied voltage between 0 and avalanche breakdown. It is normally specified 
at areverse voltage (Vp) of approximately 0. 8 (V, -- tolerance) 


AVAILABILITY 

Because zener diodes are specified at specific voltages ranging, in small 
increments, from 2. 4 volts to 200, and because many of these voltage ratings 
are duplicated in each of the various power Classifications, the number of zener 
diode type numbers far exceed that of any other semiconductor product. 
In addition to this wide range of standard devic es, an almost unlimited variety 
of custom units with special tolerances, special voltages, matched pairs, 
etc., can be readily supplied to order at a nominal cost. For requirements 
that are not covered by one of the standard devices, consult a Motorola fran- 
chised semiconductor distributor or Motorola semiconductor representative. 
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—— Motorola Silicon Zener Diodes —— 


MOTOROLA ZENER DIODE QUICK SELECTION CHART 


IMPORTANT . . . The zener diodes listed below represent 
only a basic profile of Motorola's zener diode line. While 
the listing includes the industry-preferred types, 
many additional! types, including in-between voltages, 
are available. 


400 MILLIWATT 34 WATT 


—_———— —_ 
$$ 


Nominal seccwutle 
Zener CASE 51 CASE 51 CASE 59 CASE 52 
Voltage 


INDUSTRIAL INDUSTRIAL | INOUSTRIAL |MEETS SPECS OF] INDUSTRIAL INDUSTRIAL | MEETS SPECS OF 
(NOTE 1) = |+S%TOLERANCE} = (NOTE 2) IL-S-19500/127] (NOTE 3) (NOTE 2) MIL-S-19500/115 


V4M2.4AZ 

V4M2.7AZ 

YaM3.0AZ th gata & 

/aM3.3AZ RNAs 

VaM3.6AZ OREINTAT AG ite 1N3822 
V4M3.9AZ ORL ABA 1N3823 


W4M4.3AZ ESCINTD 

VaM4.7AZ AINTS Tees 

W4M5S.1AZ NZS) 1N3826 

V4M5.6AZ RNY See 1N3827 

YaM6.2AZ EUNTSS 1N3828 
EIN SZ 1N3829 


~H~Newl DHABNOWL DAWONSD 


—_ wt 
HSLaN| CoWWaA! BELUNN 


1N759 LIAN SRA. 
DIFFUSED JUNCTION TYPES 
miustes00/17 
(note 3) LES : (NOTE 3) 
VaM6.8Z 1N4099 1N957 ip 1N3675 1N3016 
VaM7_5Z 1N4100 1N958 1N3676 1N3017 
Y4M8.2Z 1N4101 1N959 1N3677 1N3018 
VaM9.1Z IN4103 1N960 1N3678 1N3019 
YaM10Z IN4104 1N961 1N3679 1N3020 
VaMI1Z 1N4105 1N962 1N3680 1N3021 


V4M12Z 1N4106 1N3681 1N3022 
YM13Z 1N4107 1N3682 1N3023 
VYAM15Z 1N4109 1N3683 1N3024 
V4M16Z 1N4110 1N3684 1N3025 
VaM18Z 1N4112 1N3685 1N3026 
VW4M20Z IN4114 1N3686 1N3027 


YW4M22Z 1N4115 1N3687 1N3028 
W4M24Z IN4116 1N3688 1N3029 
VaM27Z 1N4118 1N3689 1N3030 
Y%4M30Z 1N4120 1N3690 1N3031 
WM33Z 1N412] 1N3691 1N3032 
V4M36Z 1N4122 1N3692 1N3033 


Y4M39Z 1N4123 1N3693 1N3034 
V4M43Z 1N4124 1N3694 1N3035 
W4M47Z 3N4125 1N3695 1N3036 
VY4M51Z 1N4126 1N3696 1N3037 
V4aMS6Z 1N4127 1N3697 1N3038 
VaM62Z 1N4129 1N3698 1N3039 


V4M68Z 1N4130 1N3040 
VY4M75Z IN4131 1N3041 
VWaMB2Z 1N4132 1N3042 
VaM91Z 1N4134 1N3043 
Y4M100Z 1N4135 1N3044 
VWaM110Z 1N3045 


W4M120Z 1N3705 1N3046 
Y%M130Z 1N3706 1N3047 
VY4M150Z 1N3707 1N3048 
VaM160Z 1TN3049 
V4M180Z 1N3050 


Y4M200Z 1N3051 


MILITARY TYPES % MEG-A-LIFE Il TYPES 


—— Motorola Silicon Zener Diodes 


MOTOROLA ZENER DIODE QUICK SELECTION CHART 


IMPORTANT . . . The zener diodes listed below represent 
only a basic Profile of Motorola’s zener diode line. While 
the listing includes the industry-preferred types, 


many additional types, including in-between voltages, 
are available. : 


1 WATT. 
— Ga 


144 WATT 


(8 ae 


*Surmetic 


CASE 59 CASE 55 CASE 56 CASE 54 
INDUSTRIAL INDUSTRIAL INDUSTRIAL MEETS SPECS OF INDUSTRIAL MEETS SPECS OF INDUSTRIAL 
(NOTE 2) (NOTE 3) (NOTE 2) MIL-S-19560/277 (NOTE 3) MIL-S-19500/114 (NOTE 3) 


1N4728 
1N4729 
1N4730 


1N4731 
1N4732 
1N4733 
1N4734 
1N4735 


BLE IN ALL 10 AND 50 WATT DIFFUSED TYPES. 


(NOTE 3) | 
1N4736 1N3785 1N2970 1N3305 
1N4737 1N3786 1N2971 1N3306 
1N4738 1N3787 1N2972 1N3307 
1N4739 1N3788 1N2973 1N3308 
1N4740 1N3789 1N2974 “IN3309 
1N4741 1N3790 TN2975 1N3310 


1N4742 1N3791 1N2976 1N2810 1N3311 
1N4743 1N3792 1N2977 1N2811 1N3312 
1N4744 1N3793 1N2979 1N2813 1N3314 
1N4745 1N3794 1N2980 1N2814 1N3315 
1N4746 1N3795 1N2982 1N2816 1N3317 
1N4747 1N3796 1N2984 1N2818 1N3319 


1N4748 1N3797 1N2819 1N3320 22 
1N4749 1N3798 1N2820 1N3321 24 
1N4750 1N3799 1N2822 1N3323 27 
1N4751 1N3800 1N2823 1N3324 30 
1N4752 1N3801 1N2824 1N3325 33 
1N4753 1N3802 1N2825 1N3326 36 
1N4754 1N3803 1N2826 39 
1N4755 1N3804 1N2827 43 
1N4756 1N3805 1N2829 47 
1N4757 1N3806 1N2831 5} 
1N4758 1N3807 1N2832 56 
1N4759 1N3808 | 1N2833 62 
1N4760 1N3809 1N3001 68 
1N4761 1N3810 1N3002 75 
1N4762 TN3811 1N3003 82 
1N4763 1N3812 1N3004 91 
1N4764 1N3813 1N3005 100 

1N3814 1N3007 110 


1N3815 1N3008 1N2841 


TN3816 1N3009 1N2842 
1N3817 TN3011 1N2843 
1N3818 1N3012 1N2844 
1N3819 1N3014 1N2845 
™N3820 1N3015 1N2846 


— — Motorola Silicon Zener Diodes —— 


V4 Watt 


VYM2.4 AZ thru 4M200z 
2.4 —200V 


Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 
when operated in the zener region. 


CASE 51 
(DO-7) 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 1/4 Watt (Derate 1.67 mW/°C Above 25°C) 


Motorola Silicon Zener Diodes ——~ 


Y4M2.4AZ thru 4M 6.2 AZ (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C Ambient Vr = 1.5V max @ 100 mA) 


MAXIMUM | 
NOMINAL* ZENER MAXIMUM REVERSE LEAKAGE CURRENT, (In) 
searuata = Test rays OC ZENER 
LTAGE = CU n)chms = CURRENT 39 
TYPE NO. VOLTS le) mA | (lena) A l, MAX TEST VOLTAGE Vdc 
Me ln @ln) : cA) = 5% —Ots«éN% 


1/4M2. 4AZ 2.4 10 60 1 1 
1/4M2. 7AZ 2.7 10 60 65 75 1 1 
1/4M3. 0AZ 3.0 10 55 60 50 1 1 
1/4M3. 3AZ 3.3 10 55 55 50 1 1 
1/4M3. 6AZ 3.6 10 50 52 50 1 1 
1/4M3. 9AZ 3.9 10 50 49 25 1 - 1 
1/4M4. 3AZ 4.3 10 45 46 25 1.5 1.5 
1/4M4. 7AZ 4.7 10 35 42 10 1.5 1.5 
1/4M5. 1AZ 5.1 10 25 39 5 1.5 1.5 
/4M5. 6AZ 5.6 10 20 36 5 1.5 1.5 
1/4M6. 2AZ 6.2 10 15 33 5 3.5 3.5 
1/4M6. 8Z 6.8 9.2 7.0 33 150 5.2 4.9 
1/4M7. 5Z 7.5 8.3 8.0 30 75 5.7 5.4 
1/4M8. 22 8.2 7.6 9.0 26 50 6.2 5.9 
1/4M9. 12 9.1 6.9 10 24 25 6.9 6.6 
1/4M10Z 10 6.3 11 21 10 7.6 7.2 
1/4M11Z 11 5.7 13 19 5 8.4 8.0 
1/4M12Z 12 5.2 15 18 5 9.1 8.6 
1/4M13Z 13 4.8 18 16 5 9.9 9.4 
1/4M14Z 14 4.5 20 15 5 10.6 10.1 
1/4M15Z 15 4.2 22 14 5 11.4 10.8 
1/4M16Z 16 3.9 24 13 5 12.2 11.5 
1/4M17Z 17 3.7 26 12.5 5 13.0 12.2 
1/4M18Z 18 3.5 28 11.5 5 13.7 13.0 
1/4M19Z 19 3.3 30 11.0 5 14.4 13.7 
1/4M20Z 20 3.1 33 10.5 5 15.2 14.4 
1/4M22Z 22 2.8 40 9.5 5 16.7 15.8 
1/4M24Z 24 2.6 46 9.0 5 18.2 17.3 
1/4M25Z 25 2.5 50 8.0 5 19.0 18.0 
1/4M27Z 27 2.3 58 7.5 5 20.6 19.4 
1/4M30Z 30 2.1 10 7.0 5 22.8 21.6 
1/4M33Z 33 1.9 85 6.5 5 25.1 23.8 
1/4M36Z 36 1.7 100 6.0 5 27.4 25.9 
1/4M39Z 39 1.6 120 5.0 5 29.7 28.1 
1/4M43Z 43 1.5 140 4.8 5 32.7 31.0 
1/4M45Z 45 1.4 150 4.5 5 34.2 32.4 
1/4M47Z 47 1.3 160 4.3 ) 35.8 33.8 
1/4M50Z 50 1.2 180 4.1 5 38.0 36.0 
1/4M52Z 52 1.2 200 4.0 5 39.5 37.4 
1/4M56Z 56 1.1 230 3.8 5 42.6 40.3 
1/4M62Z 62 1.0 290 3.3 5 47.1 44.6 
1/4M68Z 68 0.92 350 3.0 5 51.7 49.0 
1/4M75Z 75 0. 83 450 2.8 5 56.0 54.0 
1/4M82Z 82 0.76 550 2.5 5 62.2 59.0 
1/4M91Z 91 0.69 700 2.3 5 69.2 65.5 
1/4M100Z 100 0.63 900 2.0 5 76.0 72.0 
1/4M165Z 105 0.60 1000 1.9 5 719.8 15.6 
1/4M110Z 110 0.57 1200 1.8 5 83.6 79,2 
1/4M120Z 120 0.52 1500 1.7 5 91.2 86.4 
1/4M130Z 130 0. 48 1900 1.5 5 98.8 93.6 
1/4M140Z 140 0.45 2200 1.4 5 106.4 100.8 
1/4M150Z 150 0. 42 2500 1.3 ) 114.0 108.0 
1/4M175Z 175 0.36 3300 1.1 5 133.0 126.0 
1/4M200Z 0 4300 1.0 5 152.0 144.0 


* SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are 5%, +2%, and+1% 


Motorola Silicon Zener Diodes 


V4 Watt 
1N702 thru 1n745 5S sea 
\ Recommended for applications requiring an exact re- 


placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N746--, 1N957-- and 
1N4370-- series. Absolute maximum rating-junction 
CASE 51 and storage temperature range -65 to +175°C, derated 


(DO-7) \ 1.67 mW/°C. 


1N7 46 thru 1n7 59 400 mw 


1N4370 thru 1N4372 2.4—12V 


\ 


Hermetically sealed, all-glass case with all external 
surfaces corrosion resistant. Cathode end, indicated 
by color band, will be positive with respect to anode end 


roth when operated in the zener region. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C 
D-C Power Dissipation: 400 Milliwatts at 50°C Ambient (Derate 3.2 mW/ = 
Above 50° Ambient) 


TOLERANCE DESIGNATION 

The type numbers shown have tolerance designations as follows: 
1N4370 series: + 10%, suffix A for + 5% units. 
1N746 series: + 10%, suffix A for + 5% units. 


ELECTRICAL CHARACTERISTICS. (Ta = 25°C unless otherwise noted) 
MAXIMUM REVERSE LEAKAGE CURRENT 
NOMINAL* MAXIMUM 
JEOEC ZENER VOLTAGE TEST MAXIMUM ZENER IMPEDANCE DC ZENER CURRENT 
CURRENT | las T,= 25°C T, = 150°C 


TYPE V, @ly U Zn @ln 


NUMBER | L@v,=1V bh@Va=1V 
VOLTS BA BA 


1N4370 2.4 
1N4371 
1N4372 
1N746 
1N747 
1N748 


1N749 
1N750 
IN751 
1N752 
1N753 
1N754 


1N755 
1N756 
1N757 
1N758 
1N759 


SSSSD SOME NE 


2.7 
3.0 
3.3 
3.6 
3.9 
4.3 
4.7 
5.1 
5.6 
6.2 
6.8 
7.5 
8.2 
9.1 
0.0 
2.0 


~ ton 


—— Motorola Silicon Zener Diodes —— 


in/61 thru 1n/69 


Recommended for applications requiring an exact re- 
placement only. For new designs see 1N746 -- and 
1N4370 -- series. 


N47 ~~ series, 
1N957 thru 1N992 400 mW 
\ 6.8 — 200 V 


Hermetically sealed, all-glass case with all external 
Surfaces corrosion resistant. Cathode end, indicated 
CASE 51 by color band, will be positive with respect to anode 
(DO-7) \ end when operated in the zener region. 


MAXIMUM RATINGS 

Junction and Storage Temperature: -65 to +1750C 

DC Power Dissipation: 400 mW at 50°C Ambient (Derate 3.2 mw/°C 
above 50°C Ambient. ) 


TOLERANCE DESIGNATIONS 


With no suffix, tolerance is + 20%, for + 10% units, add suffix A, for + 5% units, 
add suffix B. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


NOMINAL* MAXIMUM ZENER IMPEDANCE MAXIMUM MAXIMUM REVERSE CURRENT 

JEDEC ZENER VOLTAGE OC ZENER CURRENT 

TYPE t RRENT { 

NUMBER I, MAXIMUM TEST VOLTAGE Vdc 
VOLTS Oh (uA) 5% Ve 10% 


DID DNA 
& oon a tv 


5 
5 
5 
5 
5 
5 


£9 09 19.69 69 G0 
ono. 0 & 
PANG I 
Om © h O&O 
mana a oi 


all-in aol aol a 
= Cm 1 a3 C&C 
SA Oe 


Nouwn Oo 
aauanaan 


= =m ON 
eo 0 6 8 «@ « 


Anyoowu 
aganonaa 


* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage | Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and +1% 


Motorola Silicon Zener Diodes 


INISI3 thru int327 150 mW 


8.75 — 127.5 V 


Very low power zener diodes with standard +10% toler - 
ances. Available with +5% tolerance by adding suffix 
"A' to type number. Single-ended hermetically sealed 
metal case designed for easy insertion in printed-circuit 


CASE 53 boards. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature Range: -65 to +175°C (Derate lmW/°C 
above 25°C), 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Max Reverse Current Max Reverse Current 
Nominal Nominal 


Voltage Ta = 25°C [T, = 100°C | Voltage Voltage Ta = 25°C IT, = 100°C] Voltage 
Vz @ ky = 200 uAF Ip @Vq I, @ Va Vz @ Izy = 200 pA] Ip @Vp I, @ Vp V 
volts BA pA volts pA z#A 


1N1313 : : 1N1318 ‘ : 10 
1N1314 . : 1N1319 ‘ : 10 
1N1315 : 1N1320 ‘ ; 10 
1N1316 : 1N1321 d . 10 
1N1317 : 1N1322 ‘ : 10 


Max Reverse Current 


Ta = 25°C = 100°C Voltage 
IR@Vp 
pA pA 


1N1323 
1N1324 
1N1325 
1N1326 
1N1327 


INIS5SI thru inI375 10 Watt 


10 — 100 V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 
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Moforola Silicon Zener Diodes —— - 


34 Watt 


INT 507 thru 1NT5 17 3.9—27V 


| Recommended for applications requiring an exact re- 
a placement only. For new designs and for industry pre- 
ferred replacement devices, see 1-watt, 1N3016 and 


1N3821 series. 
CASE 52 


1 Wat 


1IN1518 thro 1n1. 528 3.9—27V 


Recommended for applications requiring an exact 
replacement only. For new designs and for industry 
preferred replacement devices, see 1N3016 and 
1N3821 series. 


CASE 56 
(DO-4) 


3.5 Watt 


1N1588 thru 1n71598 3.9—27V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 
series. 


CASE 56 
(DO-4) 


1NT599 thew 11609 ae, 


qe Recommended for applications requiring an exact 
©) x replacement only. For new designs and for industry 
MAY preferred replacement devices, see 1N2970 and 
1N3993 series. 
CASE 56 
(DO-4) 
1 Watt 
IN] 765 thru 1n1802 5.6 — 200 V 
\ Recommended for applications requiring anexact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3016 series. 
CASE 52 


: \ 
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—— Motorola Silicon Zener Diodes 


10 Watt 


1N1803 thru 1nN1836 5.6 — 200 V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 and 1N3993 
series. 


CASE 56 
(DO-4) 


10 Watt 


1N2008 thru 1N2012 100 — 150 V 


Recommended for applications requiring anexact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 


34 Watt 


1N2032 thru 1n2040 4.3—12V 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3821 and 1N3016 
series, 


CASE 56 
(DO-4) 


1 n2041 thru 1 N2 049 ee Vv 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N3993 and 1N2970 
series. 


CASE 56 
(DO-4) 


1N2498 thru 1n2500 Ue = ' 


Recommended for applications requiring an exact re- 
placement only. For new designs and for industry pre- 
ferred replacement devices, see 1N2970 series. 


CASE 56 
(DO-4) 
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—— Moforola Silicon Zener Diodes ——= 


1N2804 thru 1n2846 


50 Watt 
6.8 — 200 V 


Units are available with anode-to-case and cathode- 
to-case connections (standard and reverse polarity). 
Has two parallel pin connections to ungrounded element 
so that circuit to load may be broken if unitis removed 
from socket. For reverse polarity, add suffix ''R" to 
type number. Same devices instud-type package avail- 
able— see 1N3305 - 1N3350 series. 


CASE 54 
(TO-3) 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C, | 
D-C Power Dissipation: 50 Watts. (Derate 0.5 W/°C above 75°C). 


es 4 teste 2a rear ta 


TO-3 APPLICATIONS INFORMATION 


If these units are used witha socket, the unregulated line should feed intoone 
pin through a suitable current limiting resistor andthe load should be connected 
to the other pin. This will result in the circuit to the load being broken when 
unit is removed from socket. When soldered-in, pins may be connected in 
series to load, paralleled, or only one may be used as suits the application. 


Typical circuit connections for anode-to-case and cathode-to-case polarities 
(standard and reverse polarities, respectively) are as shown on fol lowing page. 
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—— Motorola Silicon Zener Diodes —— 


1N2804 thru 1N2846 (continued) 
CIRCUIT CONNECTIONS 


STANDARD POLARITY REVERSE POLARITY 
(ANODE TO CASE) (CATHODE TO CASE) 
(REO DOT ON CASE AND 
CURRENT R" SUFFIX ON TYPE NO. 
LIMITING 
SeeieToR INTERLOCK JUMPER TERLOCK JUMPER 
OAT PIN DAG PIN 
® LY + © Y - 
UNREGULATED voao UNREGULATED cane 
0c © oc ¢| 
y 7 & + 
"A [) 
= CHASSIS = CHASSIS 
CASE TERMINAL OR GND. CASE TERMINAL OR GND. 


(-) (+) 


ELECTRICAL CHARACTERISTICS (Ta = 30°C unless otherwise noted) 


Nominal Max OC Zener a 
Zener Voltage Test Max Zener [mpedance Current Max Reverse Current : ae 
. oltage 
EIA Type No. (Vz) @ lar Current 75°C Case Temp tone Cort 
50 Watt (TO-3) Volts (x) Zr @ Vay Zax @ lax = Sma (oa) MA, MAX % /°C 
m chms 


1N2804 
1N2805 
1N2806 
1N2807 
1N2608 
1N2809 
1N2810 
1N2811 
1N2812 


1N2813 
1N2814 
1N2815 
1N2816 
1N2817 


1N2818 
1N2819 
1N2820 
1N2821 
1N2822 


1N2823 
1N2824 
1N2825 
1N2826 
1N2827 


1N2828 
1N2829 
1N2830 
1N2831 


~me OOlLTOoooo 
M=— OOD! Mawhry» 
OSLHOMQMAlaannh 
NwWw Se le pow 
OWMDOA! mp s 
—POHOwW!] ~~ wD 


NN em 
NVOOMA 
POWN 
2nNON A 


NNNNND 
CO~UMin da 


3.0 
3.2 
3.5 
4.0 
4.5 


MNHOOW 


1N2832 
1N2833 
1N2834 
1N2635 
1N2836 


1N2837 
1N2838 
1N2839 
1N2840 
1N2841 


1N2842 


1N2843 
1N2844 


12845 
1N2846 


wong! annns 


annum an 


“SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 


AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage | Standard Tolerances 


b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and +1% 


¢ 
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Motorola Silicon Zener Diodes 


1N2970 thru 1n3OT5 10 Watt 


6.8 — 200 V 


Diffused-junction zener diodes for both military and 
high-reliability industrial applications. Available with 
anode-to-case and cathode-to-case connections (stand- 


ard and reverse polarity), i.e. , 1N2970 and 1N2970R. 


CASE 56 Supplied with mounting hardware. 


(DO-4) 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts. (Derate 83.3 mW/°C above 55°C). 


Motorola Silicon Zener Diodes 


1N2970 thru 1N3015 (continued) 


ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specified) 
Ve = 1.5V max @ Ir = 2 ampon all typés. 


Nominal * Max Zener Impedance Max. Reverse Current 
Zener Voltage Test Max DC Zener 
JEDEC Vz @ I, Current oy eT rane rare : 
Type No. Volts 1 zx @ ly zk mm R Rl 
ss mAs Ohms.—SsOhms——sisA (uA) «5% 


1N2970 
1N2971 
1N2972 
_1N2973 
1N2974 


1N2975 
1N2976 
1N2977 
1N2978 
1N2979 


20000 


1N2980 
1N2982 
1N2983 
1N2984 
1N2985 


ll cell eenlll ool oon) 
oooocd eo 


1N2986 
1N2988 
1N2989 
1N2990 
1N2991 


1.0 
1.0 
1.0 
1.0 
1.0 


1N2992 
1N2993 
1N2995 
1N2936 
1N2997 


ft ae et bee, 
ooooo 


1N2998 
1N2999 
1N3000 
1N3001 
1N3002 


eel Month ony 
ooooo 


1N3003 
1N3004 
1N3005 
1N3006 
1N3007 


mt pmb pet pete 
ooooo 


86.4 
93.6 
100.8 
108.0 
115.2 


1N3008 
1N3009 
1N3010 
IN3011 
1N3012 


1N3014 ze 136.8 129.6 
1N3015 E 152.0 144.0 


Se ee ee 
ooooo 


* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 


a. Two or more units for series connection with specified tolerance on total voltage | Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and+1% 


2-16 


Motorola Silicon Zener Diodes 


1 Watt 
1NG016 thru 1NSO57 FLANGELESS CASE 6.8 _200V 


1M 6.8 Z thru 1M 200 Z TOP HAT CASE* 


Choice of two hermetically sealed packages, with 36 


standard voltage ratings and 5%, 10% and 20% standard 
CASE 52 tolerances. Cathode connected to case. 


\ 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt. (Derate 6. 67 mW/°C above 25°C). 


hawt iss 


atc 


—— Motorola Silicon Zener Diodes —— 


1N3016 thru 1N3051 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C case temperature unless otherwise specified) 
Vr = 1.5 Vmax @ 200 mA on all types 


Max Zener impedance Max. Reverse Current 
Nominal « Typical 
JEDEC - Moterolat Motorola Zener Voltage Max DC Zener Zener Vettage 
TypeNo.  TypeNo. 3 V:@tn Current 
(Flangeless) (Top Hat) Volts 


mA Ohms Ohms 


3/4M6. 8Z 
3/4M7. 5Z 
3/4MB. 2Z 
3/4M9. 1Z 


3/4M10Z M10Z 
$/4M11Z 1M11Z 
3/4M12Z 1M12Z 
3/4M18Z 1M13Z 


to ko kh & 
aaaa 


1N38024 3/4M15Z 
1N3025 3/4M16Z 
1N3026 3/4M18Z 
1N3027 3/4M20Z 


Bo bo bo be 


antag 
PERS)! Smeal aage 


pad pad fad pe 


1N3028 3/4M22Z, 
1N3029 3/4M24Zz 
1N3080 3/4M27Z 
1N38031 3/4M30Z 


Qo = it pe 
Seo 


1N3082 3/4M33Z 
1N3088 3/4M36Z 
1N3084 3/4M39Z 
1N3085 374M43Z 


ean|eoor 


e 


agg gi aqacqacq aqagqca 


3/4M47Z 
3/4M51Z 
3/4M56Z 
3/4M62Z 


ew oo 8 8 bo 8 ee dll sed 
HOR PoOIG | PSoe 


eee OF nh 


3/4M68Z 
3/4M75Z 
3/4M82Z 
3/4M91Z 


3/4M100Z 1M100Z 
3/4M110Z 1M110Z 
3/4M120Z 1M120Z 
3/4M130Z 1M130Z 


1N38048 3/4M150Z 1M150Z ; . 114.0. 108.0 
1N3049 3/4M160Z 1M160Z : : 121.6 115.2 
1N3050 3/4M180Z 1M180Z . . 136.8 129.6 
1N8051 3/4M200Z 1M200Z . . 152.0 144.0 


t 1 Watt Ratings 


© SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage ) Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, 2%, and +1% 
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Motorola Silicon Zener Diodes 


13305 thru INGGDO SO Watt 


6.8 — 200 V 


Available with anode -to-case or cathode-to-case con- 
nection (standard or reverse polarity). For reverse 
polarity, add Suffix ''R'"' to type number. Same devices 
in TO-3 package available for both military and indus- 
trial applications, see 1N2804 - 1N2846 series. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65 to + 175°C 
D.C. Power Dissipation: 50 Watts (Derate 0.5 W/°C above 75°C-see Figure 3) 


ELECTRICAL CHARACTERISTICS (At 30°C case temperature unless otherwise specified) 
Ve=1.5V max @ 10A onaill types. 


Typical 


Max Reverse Current Zener. 
Voltage 


Nominal Max Zener Impedance gare 
Zener Veitage Test 


75°C Case Temp 
50 Watt (Stud) Volts. (lz) Zap @ Vay Zax @ Iyx = SMA (ana) mA F % /°C 
_ (Note 1) mA h ohms 


1N3305 
1N3306 
1N3307 
1N3308 


1N3309 
1N3310 
1N3311 
1N3312 
1N3313 


1N3314 
1N3315 
1N3316 
1N3317 
1N3318 


1N3319 
1N3320 
1N3321 
1N3322 
1N3323 


1N3324 


1N3325 
1N3326 
1N3327 
1N3328 


1N3329 
1N3330 
1N3331 
1N3332 
1N3333 


1N3334 
1N3335 
1N3336 
1N3337 
1N3338 


1N3339 
1N3340 
1N3341 
1N3342 - 
1N3343 


1N3344 
1N3345 
1N3346 
1N3347 
1N3348 
1N3349 
1N3350 


* SPECIAL SELECTIONS 1 — Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 


a. Two or more units for series connection with specified tolerance on total voltage | Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, 42%, and+1% 
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__.. Motorola Silicon Zener Diodes ——- 


1N3305 thru 1N3350 (continued) 


INd0/5 thru ind/03 3%, Watt 


6.8 — 100 V 


\ 


Oxide passivated silicon zener diodes in void-free sili- 

cone polymer case. Offer 3/4 Watt performance ina 

CASE 59 package no larger in volume than a conventional 400 mW 
\ glass package. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 750 Milliwatts at 50°C Ambient. 
(Derate 6 mW/°C) 


Lead Temperature, 1/16 + 1/32 inch from case: +235°C for 12 seconds. 
(Method 2031, MIL-STD-750). 


Tolerance Designation: Tolerances of + 10% or + 5% are indicated by suffix- 
ing "A" or 'B" respectively to the JEDEC or Motorola type number. Plus or 


minus 20% tolerances are indicated by the omission of the suffix letter. Ex- 
amples: 


1N3680 11 Volts + 20% tolerance 
1N3685A 18 Volts + 10% tolerance 
MZ623-18B= 25 Volts + 5% tolerance 
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Motorola Silicon Zener Diodes 


1N3675 thru 1N3703 (continued) 


ELECTRICAL CHARACTERISTICS 25°C Ambient Vr =1.5V @ Ir = 200 mA for all units) 


Nominal* Max Zener Impedance 


Zener Voltage 
Zz @ Izk 4Zzt @ Izr 
Ohms Chms 


Typical © 


Test Max DC Zener Ik=5mA 


Current 


Motorola 
Type No. 


1N3675 5 4.5 700 5.2 4.9 
1N3676 16.5 5.5 700 5.7 5.4 
1N3677 15.0 6.5 700 6.2 5.9 
1N3678 14.0 7.5 700 6.9 6.2 
1N3679 12.5 8.5 700 7.6 7.2 
1N3680 MZ623-6 11.5 9.5 700 8.4 8.0 
1N3681 MZ623-7 10.5 11.5 700 9.1 8.6 
1N3682 MZ623-8 9.5 13.0 700 9.9 9.4 

MZ623-9 9.0 14.5 700 10.6 10.1 
1N3683 MZ623-10 8.5 16.0 700 11.4 10.8 
1N3684 MZ623-11 1.8 17.0 700 12.2 11.5 

MZ623-12 7.2 19.0 700 13.0 12.2 
1N3685 MZ623-13 7.0 21.0 750 13.7 13.0 

MZ623-14 6.5 23.0 750 14.4 13.7 
1N3686 MZ623-15 6.2 25.0 750 15.2 14.4 
1N3687 MZ623-16 5.6 29.0 750 16.7 15.8 
1N3688 MZ623-17 5.2 33.0 750 18.2 17.3 

MZ 623-18 5.0 36.0 750 19.0 18.0 
1N3689 MZ623-19 4.6 41.0 750 20.6 19.4 
1N3690 MZ623-20 4.2 49.0 1000 22.8 21.6 
1N3691 MZ623-21 3.8 58.0 1000 25.1 23.8 
1N3692 MZ623-22 3.4 70.0 1000 27.4 25.9 
1N3693 MZ623-23 3.2 80.0 1000 29.7 28.1 
1N3694 MZ623-24 3.0 93.0 1500 32.7 31.0 

MZ623-25 2.8 99.0 1500 34.2 32.4 
1N3695 MZ623-26 2.7 105.0 1500 35.8 33.8 
1N3696 MZ623-27 2.5 125.0 1500 38.8 36.7 
1N3697 2.2 150.0 2000 42.6 40.3 
1N3698 2.0 185.0 2000 47.1 44.6 
1N3699 1.8 230.0 2000 51.7 49.0 
1N3700 1.7 270.0 2000 56.0 54.0 
1N3701 1.5 330.0 3000 62.2 59.0 
1N3702 1.4 400.0 30u0 69.2 65.5 
1N3703 1.3 500.0 3000 16.0 72.0 


1N3G/85 thru INGS2O 1.5 Watt 


6.8 — 200 V 


Low silhouette single-ended package for printed circuit 
CASE 55 or socket mounting. Cathode connected to case, but 
reverse polarity available on special order. 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1.5 Watts. (Derate 10 mW/°C) 
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Motorola Silicon Zener Diodes —— 


1N3785 thru 1N3820 (continued) 
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* SPECIAL SELECTIONS 1—Nominal zener voitages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage ) Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and+1% 
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Motorola Silicon Zener Diodes 


1N3785 thru 1N3820 (continued) 
ELECTRICAL CHARACTERISTICS .s*c ambient Vr =15V @ Iv = 200 mA for all units) 


Nominal Max Zener Impedance 
Zener Voltage Test Max DC Zener I, = 10,.A Max Typical Zener 
@ ler Current Current @ oltage/temp. Coeff. 
(Vz) Volts Izy Zzr @ Sax | Zz @ Izy = 1.0MA lag MA Reverse Voltage 
mA ohms Va 5% or V, 10% 


1N3821 10 
1N3821A 
1N3822 


1N3822A 


3 
3. 
3 
3. 
3 
3 
4 
4. 


COO DIR & & to 


. 


1N3829 
1N3829A 
1N3830 
1N3830A 


. 


AQHMBIQaaa 
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INGO2 | thru INGOOO 1 Watt 
\ 


Low-voltage, alloy-junctionzener diodes in hermeti- 
cally sealed package with cathode connected-to-case. 
Available as standard industrial types as well as for 
CASE 52 military and high-reliability applications. 


\ 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 1 Watt.(Derate 6. 67 mW/°C above 25°C) 


ax SRN 


— Motorola Silicon Zener Diodes —— 


1N3993 thru 1n4000 10 Watt 


3.9—7.5V 


Low-voltage, alloy-junction zener diodes in hermeti- 
cally sealed package with cathode connected to case. 
Supplied with mounting hardware. 


CASE 56 
(DO-4) 


ABSOLUTE MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C. 
D-C Power Dissipation: 10 Watts.(Derate 83.3 mW/°C above 55°C). 


Be O 
Gael 


Abba ixing 


ELECTRICAL CHARACTERISTICS (1s = 30°C + 3, Vr = 1.5 max @ Ip = 2 amp for all units) 


Max Zener Impedance 
Zener Veitage Test Max DC Zener @ 
JEDEC Vz @ la Current Current 
Type fo. Voits her Ze @ lr x @ bx = 1.0 mA Lo mA b Vi 
mA Ohms Ohms vA Max Volts 


1N3993 
1N3994 
1N3995 
1N3996 


1N3997 
1N3998 
1N3999 
1N4000 
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—— Motorola Silicon Zener Diodes —— 


1N4099 thru 1n4135 een 


Oxide passivated devices with extremely low, speci- 
CASE 51 fied noise level. Designed for low-level operation over 


(DO-7) expanded temperature range from -75°C to +200°C., 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


DC Power Dissipation, 25°C Ambient 
Derating Factor 


Junction and Storage Temperature 


Rating 


TOLERANCE AND VOLTAGE DESIGNATION 


The JEDEC type numbers shown have a standard tolerance of +5% on the 
nominal zener voltage. 


MATCHED SETS FOR CLOSER TOLERANCE OR HIGHER VOLTAGES 


Series matched sets make zener voltages inexcess of 100 volts or tolerances 
of less than 5% possible as well as providing lower temperature coefficients, 
lower dynamic impedance and greater power handling ability. 


For Clippers, Parallel Matched Sets or other special circuit requirements, 
contact your Motorola District Sales Manager. 


ZENER NOISE DENSITY 


A zener diode generates noise when it is biased in the zener direction. A 
small part of this noise is due to the internal resistance associated with the 
device. A larger part of zener noise is a result of the zener breakdown pheno- 
menon and is called microplasma noise. This microplasma noise is generally 
considered 'white'’' noise with equal amplitude for all frequencies from about 
zero cycles to approximately 200, 000 cycles. To eliminate the higher frequency 
components of noise a small shunting capacitor can be used. The lower fre- 
quency noise generally must be tolerated since a capacitor required to eliminate 
the lower frequencies would degrade the regulation properties of the zener in 
many applications. 
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—— Motorola Silicon Zener Diodes —— 
1N4099 thru 1N4135 (continued) 


Motorola is rating this series with a maximum noise density at 250 micro- 
volts. The rating of microvolts RMS per square root cycle enables calcula- 
tion of the maximum RMS noise for any bandwidth. 


Noise density decreases as zener current increases. This can be seen by 
the graph in Figure 2 where a typical noise density is plotted as a function of 
zener current, 


The junction temperature will also change the zener noise levels. As tempera- 
ture is increased, the noise levels decrease. The change is approximately 
20% from 25°C to100°C. Thus the noise rating must indicate bandwidth, current 
level and temperature. 


The block diagram givenin Figure 1 shows the method used to measure noise 
density. The input voltage and load resistance is high so that the zener is 
driven from a constant current source. The amplifier must be low noise so 
that the amplifier noise is negligible compared to the test zener. The filter 
bandpass is known sothat the noise density in volts RMSper square root cycle 
can be calculated. 


FIGURE 1 — NOISE DENSITY MEASUREMENT METHOD 


AMPLIFIER 


* LOAD RESISTOR 
AMMETER 


D.C. POWER TEST ZENER 
SUPPLY 


FIGURE 2 — NOISE DENSITY versus ZENER CURRENT 


Np NOISE DENSITY (MICROVOLTS PER SQUARE ROOT CYCLE) 


0 75 100 125 150 175 200 225 250 275 300 
1, ZENER CURRENT (,.A) 


Vout 
NOISE DENSITY (VOLTS PER SQUARE ROOT CYCLE) = = ——————————— 
: OVERALL GAIN \/ BW 


WHERE: BW = FILTER BANDWIDTH (CYCLES) 
Vout = OUTPUT NOISE (VOLTS RMS) 
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Motorola Silicon Zener Diodes 


1N4099 thru 1N4135 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°cAmbient temperature unless otherwise specified.) 
Ve = 1.0 max @ Ir = 200 mA onall types 


at ne 250/A 


Nominal 


JEDEC Type Test 0 

Number Current @  Yottage (Fig 1) 

(Note 1) Ip (Note 4) Wp |(micro-volts per 
(uA) (volts) | square root cycle) 


1N4099 
1N4100 
1N4101 
1N4102 
1N4103 


1N4104 
1N4105 
'1N4106 
1N4107 
1N4108 


1N4109 
1N4110 
1N4111 
1N4112 
1N4113 


1N4114 
1N4115 
1N4116 
1N4117 
1N4118 


1N4119 
1N4120 
1N4121 
1N4122 
1N4123 


1N4124 
1N4125 © 
1N4126 
1N4127 
1N4128 


1N4129 
1N4130 
1N4131 
1N4132 
1N4133 


1N4134 
1N4135 
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* SPECIAL SELECTIONS 1— Nominal zener voltages between those shown. 
AVAILABLE INCLUDE: 2— Matched sets: 
a. Two or more units for series connection with specified tolerance on total voltage } Standard Tolerances 
b. Two or more units matched to one another with any specified tolerance are +5%, +2%, and +1% 


-_ Cr mm eee 


1n4370 thru 1N4372 


For Specifications, see 1N746 thru 1N759 data sheet. 
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Motorola Silicon Zener Diodes 


in4728 thru 1 n4764 | 3.3-100 V 


\ Watt SURMETIC* silicon zener diodes designed for 
constant voltage reference from 3. 3 thru 100 volts, 
with 10% and 5% tolerances. These diodes are pack- 

CASE ey. aged in a void-free silicone polymer case which is no 
(“‘Surmetic”” Package) larger than the conventional 400 mW glass package. 


\ 


MAXIMUM RATINGS 


DC Power Dissipation 


Junction and storage Temperature -65 to +200 


POWER RATING versus 
AMBIENT TEMPERATURE 


Pp, POWER DISSIPATION (WATTS) 


0 25 30 rk) 100 125 150 175 200 
Ta, AMBIENT TEMPERATURE (°C) 


MECHANICAL CHARACTERISTICS 
CASE: Void free, transfer molded, thermosetting silicone polymer. 


FINISH: All external surfaces are corrosion resistant. Leads are readily 
solderable. 


POLARITY: Cathode, indicated by color band. When operated in zener mode 
cathode will be positive with respect to anode. 


MOUNTING POSITION: Any 


WEIGHT: 0.42 gram (approximately) 
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Motorola Silicon Zener Diodes ——— 


1N4728 thru 1N4 764 (continued) 


ELECTR i CAL Cc HARACTERI STI CS : (At 25°C ambient temperature unless otherwise specified) Ve — 1.5V max @ 200 mA on all types 


1M3.3Z810 
1N4729 1M3.6ZS10 
1N4780 1M3.9ZS10 
1N4731 1M4.3ZS10 
IN4732 1M4.7ZS10 


1M5.1Z310 
1M5.6ZS10 
1M6.2ZS10 
1M6.8ZS10 
1M7.5ZS10 


1N47388 1M8.27910 
1N4739 1M9.1ZS10 
1N4740 1M10ZS10 
1N4741 1M11ZS810 
1N4742 1M12ZS10 


1N4743 1M13ZS10 
1N4744 1M15ZS10 
1N4748 1M16ZS10 
1N4746 1M18ZS10 
1N4747 1M20ZS10 


G2Nne@o -- se ee: -) 


. 
a 


1N4748 1M22ZS10 
1N4749 1M24Z810 
IN4750 1M27ZS10 
1N4751 1M302S10 
1N4782 1M33ZS10 


1N4783 1M362S10 
1N4754 1M39ZS10 
1N4755 1M432ZS10 
1N4736 1M47ZS10 
1N4757 1M51ZS10 


oOUouo 


1N4788 1M56ZS10 
1N4759 1M62ZS10 
1N4760 1M68ZS10 
1N4761 1M75ZS10 
1N4762 1M82ZS10 


Motorola Temperature Compensated Zener Reference Diodes 


MOTOROLA TEMPERATURE COMPENSATED REFERENCE DIODES 


Temperature compensated reference diodes are made possible by taking ad- 
vantage of the differing thermal characteristics of forward and reverse biased 
silicon PN junctions. A forward biased junction has a negative temperature 
coefficient of approximately 2.0 millivolts/°C. Reverse biased junctions above 
5 volts have a positive temperature coefficient and therefore it is possible by 
judicious selection of combinations of forward and reverse biased junctions to 
obtain a device which shows a very low temperature coefficient due to cancella- 
tion. Because of the differing impedance versus temperature characteristics 
of the junctions involved, optimum temperature stability is obtained by operat- 
ing in the zener current range at which the temperature coefficient is a minimum. 


VOLTAGE-CURRENT CHARACTERISTICS 


All Motorola reference diodes are characterized by the "box" method which 
specifies a guaranteed maximum voltage variation {AVz) over an indicated tem- 
perature range. This method permits the designer to select the required ref- 
erence diode directly on the basis of temperature range and voltage variation. 


Because of device impedance, the reference voltage will vary with changes 
in zener current. These variations can be minimized by driving the device 
from a constant current source. 


VOLTAGE VARIATION (AVz) AND TEMPERATURE COEFFICIENT 


All Motorola reference diodes are characterized by the "box'' method. This 
method provides for a guaranteed maximum voltage variation (AV, in mV) over 
a specified temperature range, verified by. tests at several points within the 
range. (Maximum voltage variations over the specified temperature ranges 
are given in Tables associated with each device type.) The design engineer 
now has a number (without any calculations) telling him the stability of the 
voltage over the temperature range of interest thus giving him the maximum 
flexibility as well as economy in selecting the temperature stability required. 
Military specifications now being issued use this approach to characterize these 
devices. 


Since reference diodes have a non-linear voltage-temperature relationship 
the temperature coefficients in the tables are tabulated primarily for reference 
purposes and guaranteed only atthe end points of the temperature range. 


ZENER IMPEDANCE DERIVATION 


Thedynamic zener impedance, Z77, is,derived fromthe 60 cycle ac voltage 
which results when an ac current having an rms value equal to 10% of the dc 
zener current, I7-7, is superimposed on I7-7. Curves showing the variation 
of zener impedance with zener current for each series are given in figures 17 
thru 12. A 100% cathode-ray tube curve trace test is used to ensure that each 
zener characteristic has a sharp and stable knee region. 
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—— Motorola Temperature Compensated Zener Reference Diodes —— 


iIn429 6.2V 


ING2] seRES__ = ————SCSSC:sC¥g 400 mW 
INQSSsenes§ 9.0 V—500 mW 
INQAlseres.§ ss 11.7 V—500 mW 
INI5S3Oseres_ 8.4V 
INI735 senes_— 6.2 V thru 49.6 V 
IN2620 mL | a 9.3V —750 mW 
IN2 7 65 SRR US nn a 6.8 V thru 40.8 V 
INS1S4seres_— = 8.4V —400 mw 
INQDOO SERIES = 11.7V—750 mw 
Temperature compensated zener 
reference diodes for circuits requir- 
ing extreme stability, high uniformity 
si and reliable operation. 
CASE 57 
1N1530 
CASE 52 ee CASE 53 
IN3ERO INgai een 
1N3154 
ABSOLUTE MAXIMUM RATINGS (at 25°C ambient temperature unless otherwise noted) | 


Characteristic 


Maximum Zener Current 
1N821 Series (6. 2V), 1N3580 (11. 7V) 
1N935 Series (9.0V) 

1N941 Series (11. 7V) 

1N2620 Series (9. 3V) 

1N3154 Series (8. 4V) 

1N429, 1N1530, 1N1735 & 1N2765 Series (6. 2-49. 62V) 


Power Dissipation (see Figure 13) 
1N821 Series (6.2 V), 1N3154 Series (8.4 V) 
1N935 Series (9.0 V), 1N941 Series (11.7 V) 
1N2620 Series (9.3 V), 1N3580 Series (11.7 V) 
1N429, 1N1530, 1N1735, 1N2765 Series 


Operating Temperature 
Glass & Metal Package 
Molded Package 


Storage Temperature 
All Types 


T °C 
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Motorola Temperature Compensated Zener Reference Diodes 


1N 429 (continued) 


TABLE 1 — ELECTRICAL CHARACTERISTICS (at lor & T ‘AS 25°C unless otherwise specified) 


Test 
@ Tempera- 
ture 


(°C) 


1N3154 
1N3155 
1N3156 
1N3157 


1N821 * 
1N823 * 
1N825 * 
1N827 * 
1N829 


-55, +25, +100 


-55, +25, +100 


1N821A 
1N823A 
1N825A 
1N827A 
1N829A 


-55, +25, +100, 
+150 


- 9.0 Volts + 5% Ipp = 7,5 mA) 


0, +25, +75 


1N936A 
IN937A -55, 0, +25, +75, 
+100 


1N938A 
1N939A 


1N941A 
1N942A 
1N943A 
1N944A 
1N945A 


1N935A 


-55, 0, +25, +75, 
+100 


1N935B* 1N941B* 
1N936B 42B 
TNeOTES -55, 0, +25, +75, Tease -55, 0, +25, +75, 


+100, +150 +100, +150 


1N944B* 
1N945B 


1N938B* 
1N939B 


V,, = 9.3 Volts 45% (pm = 10 mA) 


0, +25, +75 


-55, 0, +25, +75, 
+100 


1N3580 
1N3581 
1N3582 


1N2620 
1N2621 
1N2622 
1N2623 
1N2624 


° -55, 0, +25, +75 
: +100 


1N2620B 
1N2621B 
1N2622B 
1N2623B 
1N2624B 


ted -55, 0, +25, +75, 


1N3581B 


-55, 0, +25, +75, 1N3582B 


+100, +150 
+100, +150 


*Military types available. 
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—— Motorola Temperature Compensated Zener Reference Diodes —— 


1N 429 (continued) 


TABLE 2 — ELECTRICAL CHARACTERISTICS (at lor =7.5mA&T A= 25°C unless otherwise specified) 


Max Volt- Max 
Zener age Change | Dynamic 
Voltage @ -55 Impedance 
JEDEC = 
Type V, 25% ‘N, a Ly 207 Package 
Number (Volts) Configuration 


IN2765 
IN2765A 


1IN1530T . 014 . 002 
IN1530AT . 007 . 001 
1N1736 . 100 

1N1736A . 050 

1N2766 

IN2766A 

1N1737 . 150 

IN1737A . 075 

1N2767 . 158 

IN27T67A . 079 


1N1738 
1IN1738A 


1N2768 
IN2768A 


1N1739 
1N1739A 


1N2769 
IN2769A 


1N1740 
1N1740A 


1N2770 
IN27T70A 


1N1741 
IN1741A 


1N1742 
1N1742A 


= 10mA * Military type available ** Derate linearly from 25°C to 150°C 


MECHANICAL CHARACTERISTICS 


po ass Metal Cd Molded 
Case: All glass, Welded, hermetically Void free, thermo- 
hermetically sealed sealed, metal & glass setting polymer 
Polarity: Cathode indicated by Indicated by diode Indicated by diode symbol 


polarity band symbol except 1N429, 1N1530, 
1N1530A where cathode 
indicated by polarity dot 


of contrasting color 


Weight: 0.2 grams (approx. ) 1.5 grams (approx. ) Varies according to 
device 
min 0.5 grams 


max 12 grams 


All external surfaces corrosion resistant and leads readily solderable. 
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1N 429 (continued) 


POWER-TEMPERATURE DERATING CURVES 


1 — 1N2620 & 1N3580 SERIES 
2 — 1N935 & 1NS41 SERIES 
3. — 1N821 & 1N3154 SERIES 


2 600 


POWER DISSIPATION (MILLIWA’ 


) 
0 25 50 75 100 150 175 = §=.200 
T, AMBIENT TEMPERATURE ( id 


ZENER IMPEDANCE versus ZENER CURRENT 


60 I—< rr nmmens 
CO ee es ee oe 


40 FR rE 
20 |__. SSA. ott 


SSE 


acne — tt tt te 
is 22 es Ce eee ee ee ee 


Z,, ZENER IMPEDANCE (OHMS) 


1 2 4 6 8 10 20 40 60 80 100 
tz, ZENER CURRENT (MILLIAMPERES) 


ZENER (MPEDANCE versus ZENER CURRENT 


i Att I 
1N941 aT 


2, ZENER IMPEDANCE (OHMS) 


lz, TENER CURRENT (MILLIAMPERES) 
ZENER IMPEDANCE versus ZENER CURRENT 


SS 1N3154 SERIES 
OSORIO era 
a 


NAR Eb ree TT 
Oo 


as 
NS 


Z,,ZENER IMPEDANCE (OHMS) 


5 10 20 
Ig ZENER CURRENT (MILLIAMPERES) 


Motorola Temperature Compensated Zener Reference Diodes 
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_t 
a ie A _| L B C 
CUTLINE DIMENSIONS (INCHES) 
PKG A B c D 

MAX MAX + .002 MAX 
4-1 100 -500 .032 1.25 
4-2 500 375 032 1,25 
4-3 1.030 378 .032 1.25 
4-4 1.220 641 .032 1.75 
4-5 655 641 .032 1.25 
46 520 .275 .022 1.25 
47 1.000 375 .032 1.25 


800 —— OEE ES On Oe on SO OS ES ee ee ee eS ee enn ep wemeees 
600 F}—— 
400 I 
200|—4 
2 100 /—— Nese |_| tt tt 
3 0) === ORS h SS Se ee oe we 8 ee ee ee ee 
= 60 
= 40 
Z 4 
= 20 
= 
5. 10 4 ee es Oe a 0 ee eee 
ry 8 on 
6 eS TT 
7) 
1 oa 
Saimin 
0.1 100 
hy tk CURRENT uituaeets 
ZENER IMPEDANCE versus ZENER CURRENT 
100 
_ 80 
n 
= 60 
S 
ws 
= 40 
8 
= 
& 
@ 20 
oe 
— 
3|__ TT NAN TT 
: TSS 
| titi ss 
1 2 6 8 16 20 =" 


be zener CURRENT (MILLIAMPERES) 


ZENER IMPEDANCE versus ZENER CURRENT 
200 


2,,ZENER IMPEDANCE (OHMS) 


LH SH 
SS 


anne 4 6 " 10 — —, 
Jz, ZENER CURRENT (MILLIAMPERES) 


Motorola Temperature Compensated Zener Reference Diodes 


1N4565 thu 1n4574_ st 5% 
1N4775 thu 1n4784_ oa EG 
1N4765 thru 1N4774 ott ve 5% 


+ 


+ 


Low level, temperature compensated Zener refer- 
ence diodes designed for long-term voltage stability in 
applications requiring stable, reliable operation at low 
current levels. 


CASE 51 


MAXIMUM RATINGS 


Junction and Storage Temperature: -65°C to +175°C 


D-C Power Dissipation: 250 Mill watts at 50°C Ambient 
(Derate 2 mW/°C Above 50°C) 


ELECTRICAL CHARACTERISTICS tiz_ & T, = 25°C unless otherwise specified) 


1N4565 Series 6.4 Volts +5% 1N4755 Series 8.5 Volts +5% 1N4765 Series 9.1 Volts +5% 


TEST TEMPERATURES 
0°C, 25°C, 75°C 


TEST TEMPERATURES TEST TEMPERATURES 
o°C, 25°C, 75°C 0°C, 25°C, 75°C 


1IN4765 1N4770 
1N4766 IN4771 
1N4767 1N4772 
IN4768 1N4773 
1N4769 IN4774 


1N4565 1N4570 . . 1N4775 1N4780 
1N4566 1N4571 . . 1N4776 1N4781 
1N 4567 1N4572 R . IN4777 1N4782 
1N4568 1N4573 is . 1N4778 1N4783 
1N4569 1N4574 F . 1N4779 1N4784 


TEST TEMPERATURES 
-55°C, O°C, 25°C, 75°C, 100°C 


TEST TEMPERATURES TEST TEMPERATURES 
-55°C, O°C, 25°C, 75°C, 100°C -55°C, O°C, 25°C, 75°C, 100°C 


IN4765A | 1N4770A 
IN4766A | 1N4771A 
IN4767A | IN4772A 
IN4768A | 1N4773A 
IN4769A | 1N4774A 


IN4565A | 1N4570A . . IN4775A | 1N4780A 
IN4566A | 1IN4571A : : IN4776A | IN4781A 
IN4567A | 1N4572A . : IN4777A | 1N4782A 
IN4568A | IN4573A f j IN4778A | 1N4783A 
1N4569A | 1N4574A . : IN4779A | 1IN4784A 
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Motorola Reference Amplifiers 


REFERENCE AMPLIFIERS — . 


Mca | 9] T SERIES 6.8V Reference amplifiers for use in regulated power 
supplies as a combination reference element and 
mca201 ] SERIES 8.0V error voltage amplifier. Available with either PNP - 


voltage ampli 
mca2111seres sv" 


MCA22 1 1 SERIES 11.0 V >a 
0.020 MIN 
0. ae 1.5 (NOTE 2) 
MIN + 
a ~ 
0.017 +0002 OIA mt tpt 
0.360 
8 8 
NOTES: 
E mn £ _ 1. The specified lead diameter applies inthe zone be- 
Veer Vass tween 0.050 and 0.250 fromthe base seat. Between 
0. 250 and 0.5 maximum of 0.021 diameter is held. 
Pd z Outside ofthese zones the lead diameter is not con- 
trolled. 


*MCA1911 Series has zener diode only 
2. Measured from max diameter of the actual device. 


ABSOLUTE MAXIMUM RATINGS At 25°C ambient temperature unless otherwise noted) 


Junction and Storage 


Temperature Range 


Nominal Reference Voltage 6. 8-11.0 nom Volts 
(I, » 5 mA, Vor =3V, To = 250 yA) (See Table 1) 


Maximum Reference Voltage Change 
with Temperature (See Table 1) Volts 
(I, =5 mA, Vor =3V, I, = 250 pA) 


Zener Impedance . 


(pq = = § mA, Le 
Collector-Emitter Breakdown Voltage 
(I, = 250 pA) 


Collector Cutoff Current 
(Voz = 45 V) 


(Voz = 45 V, T, = 150°C) 


A 


DC Current Gain 
(Ip = 250 pA, Vor) 


Small-Signal Transconductance 
Vop=3V, I, - 250 pA, f = 1 ke) 
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Motorola Reference Amplifiers 


TABLE | ELECTRICAL CHARACTERISTICS 


(at I, =7.5mA&T 


T 


AVREF @ Temperature 


(Note 1) | (Volts) (°C) (Volts) 


6.8 Volt Series (7m = 5 mA) 


MCA1911N 
MCA1912N 
MCA1913N 
MCA1914N 


0, +25, +75 6.8 + 10% 


MCA1921N 

MCA1922N -55, 0, +25, +75, 
MCA1923N|_ . +100 
MCA1924N 


MCA1931N 
MCA1932N 
MCA1933N 
MCA1934N 


-55, 0, +25, +75, 
+100, +150 


9.5 Volt Series on = § mA) 


MCA2111N 
MCA2112N 
MCA2113N 
MCA2114N 


0, +25, +75 


MCA2121N 

MCA2122N -55, 0, +25, +75, 
MCA2123N]_. +100 
MCA2124N 


MCA2131N 
MCA2132N 
MCA2133N 
MCA2134N 


-55, 0, +25, +75, 
+100, +150 


NOTES: 


1. Type numbers shown are for devices containing NPN transis- 
tors; for devices with PNP transistors substitute a "P" suffix 
for the ''N”’ suffix in the type number. 


‘NOMENCLATURE 
MCA I9I1IN 


Motorola 
Circuit Assembly 


Polarity N-NPN P-PNP 


Reference Temperature AV as Specified on 
Volt REF 
oltage Range Table 1 (i.e., for 6.8 
19- 68V 1. Oto 75°C Volt Series, 1 desig- 
20- 8.0V 2. -55 to +100°C nates AV, pF of 051 V) 
21- 95V 3. -55 to +150°C 
22 -11.0V 


4 = 25°C unless otherwise specified) 


Reference 
Voltage 


VREF 
(Volts) 


Type 

Num- Test 

ber AVREF @ Temperature 
(Note 1) | (Volts) Cc) 


8. 6 Volt Series (I 775 mA) 


0, +25. +75 8.0 + 10% 
-55. 0. +25, +75. i 


11.0 Volt Series lor = 5 mA) 


0. +25. +75 11.0 + 10% 

-55, 0. +25. +75, w 
| 100 11.0 + 5% 

11.0 + 5% 


2. Veer is the maximum voltage variation over the specified 


MCA2011N 
MCA2012N 


-55. 0. +25. +75. 
+100. +150 


-55. 0, +25. +75. 
+100, +150 


temperature range, verified by tests at specified points within 
the range. 


TYPICAL APPLICATION IN REGULATED POWER SUPPLIES 


AMPLIFIER 
& SERIES 
CONTROL 
ELEMENT 


REFERENCE 
VOLTAGE 


OC INPUT 
REF. AMP —®> 


CNG ova oe, Ge a 


bat 
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YOUR 
TECHNICAL 
LIBRARY 

ISN'T COMPLETE 


Without Motorola's Authoritative Handbooks! 


Switching Transistor Handbook — $2.50 


The only reference devoted to the de- 
sign of high-frequency switching circuits, 
this valuable handbook not only provides 
detailed design procedures for saturated 
and current-mode switching circuits, but 
relates much needed device characteriza- 
tion and reliability data to practical worst- 
case design. 


Circuits Manual — $2.00 


Perhaps you'll never need to count the 
number of peas in a can or even feel the 
urge to add a solid-state ignition system 
to the family car. If you work with semi- 


conductors, however, you will find, in 
addition to such circuits, a wealth of tech- 
nical design information and some very 
useful circuit ideas in the Motorola Semi- 
conductor Circuits Manual. 


Zener Diode and Rectifier Handbook 
— $2.00 
Anyone who designs regulating and 
power control circuitry needs the Motorola 
Zener Diode and Rectifier Handbook. 
This valuable guide provides design anal- 
ysis and useful circuits for a variety of 
zener applications ranging from regulated 
power supplies to surge protection to using 
the zener diode as a coupling device. 
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MOTOROLA SILICON RECTIFIERS 


e For devices meeting military specifications, see page 1-18. 


e For case outline dimensions, see page 1-26. 


we 


SILICON RECTIFIERS 


The trend in rectifiers, today, is toward silicon, Technically, there are 
many reasons why this is so. In comparison with thermionic tubes, silicon 
rectifiers offer a new era of reliability and performance, and no other solid- 
state rectifier has the inherant advantages of silicon. Silicon shrugs at 
operating temperatures that would quickly wilt other solid-state devices. The 
high forward conductance and low-reverse-leakage current of silicon out- 
Classes selenium, and no other type of rectifier packs as much current- 
carrying capacity into as smalla package. Moreover, these advantages of 
silicon rectifiers are now available at costs that are more than competitive 
with other types. 


Motorola manufactures a complete line of silicon rectifiers for current 
requirements ranging from milliamperes to kiloamperes. These are housed 
in a variety of package types, making them suitable for every electrical and 
electronic application. 


In addition, rectifier assemblies for higher voltage and current devices and 
for applications such as bridges and other circuit configurations are available 
as standard devices and can easily be made to order for custom applications, 
(see page 4-3), 


MULTI-CELL RECTIFIERS 


For high-current rectifiers, Motorola employs the multi-cell concept. This 
approach not only permits the fabrication of higher-current rectifiers, but 
also eliminates many of the problems associated with large single-junction 
devices. The construction of a typical multi-cell rectifier is shown below. 

Complete seal strength is afforded by the outer 
case, thus preventing any excessive stress on 


the glass-to-metal hermetic inner seal of indi- 
vidual rectifier cells. 


Internal, hermetically sealed, 
welded metal case rectifier 
cells. All individual cells are 
specially processed, tested 


Void-free, molded 
external case affords 
excellent mechanical 
strength, electrical 
isolation, and corrosion 
resistance. Color cod- 
ing of the external case 
provides easy polarity 
identification: —————+ 


RED—Cathode to Case 
BLACK — Anode to Case 


Plated copper base is integrally 
connected to the inner case for 
optimum heat transfer and cur- 
rent balance between cells by di- 


rect thermal coupling. 


and matched for similarity of 
forward voltage characteris- 
tics to assure balanced cur- 
rent sharing and reliable 
parallel operation. Each cell is 
rated to operate at only 75 per 
cent of maximum current 
Capability, providing a built-in 
safety margin. 


Resistance to thermal fatigue 
of each cell is assured 
through the use of double 
back-up discs and high tem- 
perature solder construction 
to protect the silicon die 
against stresses. In addition, 
the small junction areas of 
the individual paralleled cells 
result in a total rectifier which 
can better resist thermal 
fatigue because of the smaller 
excursion of dissimilar 
bonded materials (as opposed - 
to a large single-junction 
rectifier). 


—— Motorola Silicon Rectifiers —— 


QUICK SELECTION CHART 
MOTOROLA PREFERRED SILICON RECTIFIERS 


THIS SELECTION CHART IS FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 


--MAX HALF WAVE, SINGLE PHASE RECTIFIED FORWARD CURRENT 
(At 25°C Ambient Temp for Axial Lead; 100 to 150°C Case Temp for Stud 
Mount, Flange Mount or Press Fit) 


pasa | sa | ea | wa 
jw [actors || Ste | mse | ose 
a a ee a 
= | | 


300V | MR1337-4 jaxases | mmuos9 1N3882 1N3892 
2 a a ee 


‘500V MR1035 a a 1N3213 | 1N1197 
oe] mem [peer a 
[vow] won | fae] TL 


LEAD STUD MOUNTED, 


MOUNTED FLANGE MOUNTED, 
PRESS FIT 
wi = ; ooh 


VRM (rep) 
Max. Peak 
Repetitive 
Reverse Voltage 


1N3208 


1N248B 


1N3209 1N249B 


1N1193 


1N3210 | 1N250B 


1N3211 1N1195 


1N3212 1N1196 


VRM(rep)7 MAX PEAK REPETITIVE REVERSE VOLTAGE 


Motorola Silicon Rectifiers —— 


THIS SELECTION CHART IS FOR QUICK REFERENCE 
ONLY AND THE DETAILED DATA SHEET SHOULD 
BE CONSULTED FOR COMPLETE INFORMATION 


1N3491 | 1N3659 | 1N1183 | MR1200 MR1210 | MR1220 | MR1230 | MR1240 | MR1260 | MR1290 


1N1184 | MR1201 | MR1211 | MR1221 | MR1231 | MR1241 | MR1261 | MR1291 
Pg 1N1185 | MR1202 | MR1212 | MR1222 | MR1232 1242 | MR1262 )mi292 


1N3661 | 1N1186 | MR1203 | MR1213 | MR1223 | MR1233 | MR1243 MR1263 | MR1293 


1N3492 


5 


1N3493 


_ 
Zz 
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PRESS FIT 


STUD MOUNTED, 
FLANGE MOUNTED, 


SILICON RECTIFIER SPECIFICATIONS 


LOW CURRENT RECTIFIERS — O.1 to 12.0 Amperes 


Vam (rep) 
volts 


goscsscessss 
COR ee KE NNN 


NQIONMOMN 


~ 
wn 
wa 

o 
£2 
— 
—_ 


8 
2 


PN VY VONNN 
aac oo or 


Case 60/Case 60, 70 
1N4719/MR1030 
1N4720/MR1031 
1N4721/MR1032 

— /MRI033 


1N4722/MR1034 
— /MRI035 
1N4723/MR1036 


1000 


50 
100 
200 
300 
400 
500 
600 


~ 
nn 

2 
oo 


me pe ped pet et pee per 
ooooo0cne 


= 


~~ 
on 

° 
o 
~— 


1N4724/MR1038 800 
184725/MR1040 1000 


£2 £9 09 69 69 G9 69 69 G9 
coooocooceo 
haul 
aaocnqaanmneo 


fae bat bt at at pt pet Dt 
Siiela! over case eS 
monn oen en UF 
ooocescese 
G9 69 69 69 69 to 


Case 52 

MR1337-1 
MRI1337-2 
MR1337-3 
MR1337-4 
MR1337-5 


Case 50 
1N3879 
1N3880 


g 
34 


SES 
SCoO00000 


(25°C) (150°C) Case 42 (150°C) 
250 10 1NN185 300 20 5.0 
250 10 ae 300 oo ts 3.2 
200 15 250 10 300 0 35 5.0 
att 300 - 15 250 10 INTISGA 300 20 350 2.5 
1N3212 400 15 250 10 1N1197 500 20 350 5.0 
INTISTA 500 20 350 2.2 
Case 43 IN1183 600 20 350 5.0 
1N3491-MR322 50 18 300 10 INTISSA 600 20 350 1.5 
1N3492-MR323 100 18 ~ 300 10 1N3213 500 20 350 10.0 
13493-4324 200 18 300 8 1N3214 600 20 350 10.0 
1N3494-MR325 ae 7 aco 6 Case 43 
1N3495-MR326 40 4 1ass8 50 25 400 5s. 0 
150°C 1 100 a] 
1HoaeB. 50 20 dh 5.0 1N3551 200 25 _ 400 4.0 
IN248C 55 20 350 3.8 1N3662 300 25 400 | 3.5 
1N2498 100 20 350 5.0 1N3663 400 25 400 3.0 
1N248C 110 20 350 3.6 Case 42 (140°C) (140°C) (140°C) 
1N250B 200 20 350 5.0 1N1183 50 35 400 10 
1N250C 220 20 350 3.4 1N1184 100 35 400 10 
cn it cr cr re 
se 1N1188 40' 10 
1N1191 50 20 350 5.0 1N1187 300 35 400 10 
1N1182 100 20 350 5.0 IN1188 400 35 400 10 
141183 150 20 350 5.0 181189 500 35 400 10 
IN11S4 200 20 5.0 1N1190 


_ *Trademark of Motorola Inc. @ See data sheet for device dimensions @ Suffix A for case 60; Suffix B for case 70; i.e. MR1030A 
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SILICON RECTIFIER SPECIFICATIONS 


HIGH CURRENT RECTIFIERS — 50 to 1000 Amperes 


Forward Current 


lene (serge) 
amps 


Flat-mount with sofid tug terminal (FL) @ Stud-mount with flexible braided tead (SB) or solid lug terminal (SL) G) 
(150°C) (150°C) Flat-mount with flexible braided lead (FB) or solid lug terminal (FL) 


50 240 5000 
800 100 240 5000 
800 150 240 5000 
800 200 240 5000 
800 250 240 5000 
800 300 240 5000 
800 350 240 5000 


on 400 240 5000 
: ; : Stud-mount with flexible braided lead (SB) or solid tug terminal (SL) 
rattle i cineae @ Flat-mount with flexible braided lead (FB) or solid lug terminal FL) ® 


MRI210 2000 100 8000 


MRI211 2000 150 8000 


MR1212 2000 

MR1213 2000 ots 8000 
MRI214 2000 300 8000 
MRI215 2000 350 8000 


MRI216 2000 MR1247 400 8000 


MRI217 400 2000 


Stud-mount with flexible braided lead (SB) or solid lug terminal (SL) F . 
Flat-mount with flexible braided lead (F8) or solid tug terminal (FL) @ Flat-mount with solid lug terminal (Fu) @ 


50 160 3600 650 12000 
100 160 3600 650 12000 
150 160 3600 650 12000 
200 160 3600 650 12000 
250 160 3600 650 12000 
300 160 3600 650 12000 
350 160 3600 650 12000 
400 160 3600 650 12000 


Bus-bar mount, water cooled 

© For desired package configuration (SB, SL, FB, FL) as well as 1000 18000 
reverse polarity (R), add the proper suffix to the part number, 1000 18000 
i.e. MR1237SBR. For complete outline dimensions and speci- 1000 18000 
fications see data sheets. 1000 18000 
1000 18000 

1000 18000 

1000 18000 

1000 18000 


Motorola Silicon Rectifiers 


| lp = 20 AMPS 
in248 B iC thru in250B, C Vamirep) — to 600 V 


1N1191 thru 1N1198 
1N1195A thru INTI98A 
1N3213 thru 1N3214 


Medium current silicon rectifiers. Unique double- 
case construction consists of hermetically sealed inner 
metallic case surrounded by molded external case ; 
provides highest degree of ruggedness and reliability. 
Type numbers shown have cathode connected to case , 


oneE 2 , but reverse-polarity units can be obtained by adding 
(00-2) suffix 'R" to standard type number, e.g. 1N248BR. 


ABSOLUTE MAXIMUM RATINGS 


Characteristics | Symbol Rating | Unit | 


Peak Repetitive Reverse Voltage VRM (rep) Volts 


and 


DC Blocking Voltage VR 
1N248B, 1N1191 
pe fom! 


1N248C 
Vy 


1N249B, 1N1192 
1N249C 

1N1193 

1N250B, 1N1194 
1N250C 

1N1195, 1N1195A 
1N1196, 1N1196A 
1N1197, 1N1197A, 1N3213 
1N1198, 1N1198A, 1N3214 


RMS Reverse Voltage 
1N248B, 1N1191 
1N248C 
1N249B, 1N1192 
1N249C 
1N1193 
1N250B, 1N1194 
1N250C 
1N1195, 1N1195A 
1N1196, 1N1196A 
1N1197, 1N1197A, 1N3213 
1N1198, 1N1198A, 1N3214 


Average 1/2-Wave Rectified Forward Current 
(Resistive Load, 60 cps, Te = 150°C) 


Peak Repetitive Forward Current 
(Tc = 150°C) 


Peak Surge Current 
(Tc = 150°C, superimposed on Rated 
Current at Rated Voltage, 1/2-Cycle, 

1/120 sec) 


Motorola Silicon Rectifiers 


IN248B,C thru 1N250B,C (continued) 


THERMAL CHARACTERISTICS 


Maximum Operating and Storage Temperature: —65 to + 190°C 
Maximum Thermal Impedance, Junction to Case: 63. = 1.50°C/W DC 


ELECTRICAL CHARACTERISTICS 


Characteristics 


Full Cycle Average Forward Voltage Drop 
(Ig (max)» Tated V,, 60 cps, To = 150°C) 


Instantaneous Forward Voltage Drop VP Volts 
(ip = 100 Amps, Ty = 25°C) 1.5 


Full Cycle Average Reverse Current 
(Io (max): rated V,, 60 cps, To = 150°C) 
1N248B thru 1N250B, 1N1191 thru 1N1198 

1N248C 

1N249C 

1N250C 

IN1195A 

IN1196A 

1IN1197A 

1N1198A 

1N3213 and 1N3214 


Or NN ww wo 
oOUN aN AO WOO 


ry 


MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 


35 N\ 
»SeGEGE = 
30 has as OS es a 
g 4 
2 astiet NA eam ti ILIA LL. 
s Le AND 3y = oo 
> 2 
i ie Ls ae 
2. INN B 
: . : 
ar Na = 
a (60 CPS, RESISTIVE \| \\ 2 
. OR INDUCTIVE LoaD) \ \\ ~ 
\ 
0 120 140 160 180 0 0.4 0.8 1.2 1.6 2.0 
Te, MAXIMUM CASE TEMPERATURE (°C) Vz, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
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— Moforola Silicon Rectifiers 


1N1 124, A thro 1n1128, A 


Obsolete, discontinued types, replace with devices from the MR1030 series. 


INT 183thru in] 190 lo = 35 AMPS 


Vr — to 600 V 


Medium current silicon rectifiers. Unique double- 
case construction consists ofhermetically sealed inner 
metallic case surrounded by molded external case; 
provides highest degree of ruggedness and reliability . 

. Type numbers shown have cathode connected to case , 
but reverse-polarity units can be obtained by adding 
suffix 'R" to standard type number, e.g. 1N1183R. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
and 
DC Blocking Voltage 


VRM (rep) 


VR 


1N1183 
1N1184 
1N1185 
1N1186 
1N1187 
1N1188 
1N1189 
1N1190 


RMS Reverse Voltage 
1N1183 
1N1184 
1N1185 
1N1186 
1N1187 
1N1188 
1N1189 
1N1190 


Average 1/2-Wave Rectified Forward 
Current 
(Resistive Load, 60 cps, Toa= 140°C) 


Peak Repetitive Forward Current 
(To = 140°C) 


Peak Surge Current 
(Th = 140°C, superimposed on Rated 


Current at Rated Voltage) 


Operating and Storage Temperature Ty T stg -65 to +190 Le 
Thermal Impedance 970 °C/W, 
DC steady state 


3-10 


— Motorola Silicon Rectifiers —— 


1N1183 thru 1N1190 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristics 


Max. Full Cycle Average beta Voltage Drop 
(lg ( max) Tated V,, 60 cps, T,, = 140°C) 


Max Instantaneous Forward Voltage Drop 
(i, = 100 Amps, T;= 25°C) 


Max Full Cycle Average Reverse current 
Mp (max)? rated Ve 60 cps, To= 140°C) 


Max DC Reverse Current 


(Rated V,, T, = 25°) 


MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM CASE TEMPERATURE 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 


45 1000 
800 
600 
40 
400 
@ 
: : ee Nene _~ 
d \ : 
2 30 2 100 
a S 80 
o lg AND 39. Px 
rx 2 60 
a 25 ce 
id = 40 
= Ge 
S 9 2 
ul 3 20 
S ul 
= z 
Ww 15 = 10 
<x =z 
: = & 
= 10 2 6 
= 4 
Ss 2 
0 1 
0 120 140 160 180 0 0.2 0.4 0.6 08 1.0 1.2 1.4 16 1.8 20 


Te, MAXIMUM CASE TEMPERATURE (°C) Ver INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


INI 19 Tthru INI 198 


For Specifications, See IN248B Data Sheet 
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— Motorola Silicon Rectifiers —— 


1N1563, A thru 1N1568, A Io = 1.5 AMPS 


CASE 55 


Vp — to 600 V 


Low-current silicon rectifiers inhermetically sealed, 
low-silhouette single-ended package designed to operate 
under military environmental conditions. Cathode 
connected to case, but reverse polarity devices are 
available on special order. 


ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Ip, FORWARD CURRENT (AMPERES) 


INTS53A] INISG4A | INISSSA | INISBGA | INTSS7A | INTSCEA 
Rating 1N1563 | 1N1564 | IN1565 | INISGE | INTS67 | 1N1568 
Peak Repetitive Reverse Voltage VRM(rep) 
DC Blocking Voltage VR 600 | Volts 
oe 


Average Half-Wave Rectified 
Forward Current (55°C Ambient) 
(150°C Ambient) 


1500 41500 |1500 | 1500 {1500 41500 mA 

300 | 300 300 300 | 300 300 mA 
70 70 70 70 70 Amps 
10 10 10 10 1¢ Amps 


-65 to +175 


Peak Surge Current 
(1/2 Cycle Surge, 60 cps) 
Peak Repetitive Forward Current 


IN1S63A 1N1563~ 


Characteristic INTSE8A 1N1568 
Rating Rating 


Maximum Forward Voltage Drop @ 500 mA, (25°C) 
Continuous DC (150°C) 
Maximum Reverse Current @ Rated DC Voltage (25°C) 


Maximum Full-Cycle Average Reverse Current (25°C) 
@ Max Rated PIV and Current (as Half-Wave (150°C) 
Rectifier, Resistive Load 


MAXIMUM ALLOWABLE 
| DC OUTPUT | 
(SINGLE-PHASE RESISTIVE 
OR INDUCTIVE LOAD) 


CHARACTERISTICS 
(FOR ALL TYPES) 


I, FORWARD CURRENT (AMPERES) 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 
V,, FORWARD VOLTAGE DROP (DC VOLTS) ; T,, AMBIENT TEMPERATURE (°C) 


—— Motorola Silicon Rectifiers —— 
1N2609 thru 1N2617 


Obsolete, discontinued types, replace with devices from the 1N4001 series. 
eee 
INO 189 thru INSI9T 


Obsolete, discontinued types, replace with devices from the 1N4001 series. 


INSZOSthru ING2q2 | lo = 15 AMPS 


Ve — to 400V 


Medium-current silicon rectifiers, Cathode con- 
nected to case, but reverse polarity (anode-to-case 
connection) also available by adding suffix ''R" to type 
number, e.g. 1N3208R. Supplied with mounting hard- 
ware, 


1N3208 | 1N3209 | 1N3210 
1N3208R| 1N3209R | 1N3210R 


Average Half-Wave Rectified 
Forward Current With Re- 
sistive Load 
Peak One Cycle Surge Current 

(60 cps & 25°C Case Temp) "FM(urge) } aso | aso | 

Operating Junction Tempera- -65 to + 175 

ture 


ELECTRICAL CHARACTERISTICS Ait Types) at 25°C Case Temp. 


Characteristic 


Maximum Forward Voltage at 40 Amp D-C Forward 
Current 


Maximum Reverse Current at Rated D-C Reverse 
Voltage 
Typical Thermal Resistance, Junction To Case 
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— Motorola Silicon Rectifiers —— 


INGZ1I3, INGZI4 


For Specifications, See IN248B Data Sheet 


ING2O 2thru IN32O6 lo = 100 mA 


Vr — to 3000 V 


Low-current silicon rectifiers for applications re- 

quiring extremely high reverse-voltage capability. 

Hermetically sealed, subminiature glass package, 

CASE 51 offering excellent stability and reliability under envi- 
(DO-7) ronmental extremes. 


ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Peak Repetitive Reverse 
Voltage 


| DC Blocking Voltage 


Average Half-Wave Rectified 
Forward Current 


(25°C Ambient) 
(100°C Ambient) 


Peak Surge Current 
(1/2-cycle, 60 cps) 


Peak Repetitive Forward 
Current 


Operating and Storage 
Temperature Range 


ELECTRICAL CHARACTERISTICS 


Characteristic 
Maximum Forward Voltage Drop @ 100 mA, Ve Volts 
Continuous DC (25°C) 
Maximum Full-Cycle Average Forward Voltage VE AV) Volts 
Drop @ Rated Current (100°C) 


Maximum Reverse Current @ Rated is Voltage 
| (25°C 


(100°C) 
Maximum Full-Cycle Average Reverse Current 
@ Max Rated PIV and Current .(as Half-Wave 

Rectifier, Resistive Load, 100°C) 


Typical Thermal Resistance, Junction to Air Ambient 
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—— Motorola Silicon Rectifiers 


1N3282 thru 1N3286 (continued) 


TYPICAL FORWARD CHARACTERISTICS MAXIMUM ALLOWABLE DC OUTPUT 
(FOR ALL TYPES) ro (SINGLE-PHASE RESISTIVE OR INDUCTIVE LOAD) 


ty, FORWARD CURRENT (MILLIAMPERES) 
eS 


ly, FORWARD CURRENT (MILLIAMPERES) 
2) 
3° 


ee ee ee 
= 
i 
s 
x 
| 
aa 
x 
= 


N 


0 
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 0 2 50 75 100 125 150 175 200 
Vy, FORWARD VOLTAGE DROP (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


1N349 Thru 1NG495 lo = 25 AMPS 


MR 322 thru MR326 


Low-cost, medium-current, silicon rectifiers in 
hermetically sealed, press-fit case. Designed for 
industrial and commercialapplications requiring oper- 
ation under severe environmental conditions. Cathode 
connected to case, but available with reverse polarity 
by adding suffix ''R" to type number. 


Peak Repetitive Forward Current I 

(60 cps & 25°C Case Temp. ) FM(rep) 
Peak One Cycle Surge Current I 

(60 cps & 25°C Case Temp. ) FM(surge) 


J ° 
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—— Moforola Silicon Rectifiers 


1N3491 thru 1N3495 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified ) 


1N3491 | 1N3492 ]} 1N3493 | %1N3494 ] 1N3495 
Maximum Forward Voltage at Volts 
100 Amp DC Forward 
Maximum Full-Cycle Average Volts 
Forward Voltage Drop @ Rated VF(av) 
Current and Voltage 
Maximum Reverse Current at p made | 
Rated DC Reverse Voltage 


Maximum Full-Cycle Average 

Reverse Current at Rated TR(AV) mAdc 
Current and Voltage 

(as Half-Wave Rectifier, 

Resistive Load, 150°C Case) 


TYPICAL FWD CHARACTERISTICS (ALL TYPES) MAXIMUM ALLOWABLE DC OUTPUT (ALL TYPES) 


NOTE: CASE TEMPERATURE MEASURED 
AT BOTTOM FLAT OF CASE 


ly, D-C FORWARD CURRENT (AMPERES) 


lp, FORWARD CURRENT (AMPERES) 


0 
0 02 04 06 08 10 12 14 16 18 2.0 
V,, FORWARD VOLTAGE DROP (VOLTS) Tc, CASE TEMPERATURE (°C) 


Motorola MR322-MR326 and 1N3491-1N3495 rectifiers are designed for press-fitted mounting in a heat sink. 
Recommended procedures for this type of mounting are as follows: 


1. Drill a hole in the heat sink 0.499 + .001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 

ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 

with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 

These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired. 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 
plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 


.01 NOM 
TYPICAL THERMAL a r 
RESISTANCE, CASE 
TO SINK, #cs = 0.2°C/W Ft, RIVET. ADDITIONAL 
C a w (01 NOM. \ HEAT SINK PLATE 
05 | fl eae TTT PSL LLL LL sc crrerccrcsers 
l DIA wy, 
INTIMATE 
y COMPLETE 
el MM peste i aio KNURL CONTACT Z tHIN CHASSIS 
t }+- 0.499 + 0.001 DIA 
HEAT SINK MOUNTING THIN-CHASSIS MOUNTING 
NOTE: 


Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 
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—— Moforola Silicon Rectifiers 


lo= 1 AMP 
USNINGOI Ithru UsNINGO13 V. — to 600 V 


Subminiature silicon rectifier with glass passivated 
CASE 59 surface in void-free, flame-proof, silicone polymer 
case, Tested in accordance with MIL-S-19500/228 
for military applications requiring up to 1 ampere 
output at 100°C, 


ABSOLUTE MAXIMUM RATINGS 


(At 60 cps Sinusoidal Input, Resistive or Inductive Load) 


Working Peak Reverse Voltage 
DC Blocking Voltage 


Average Rectified Forward Current 
Ta = 100°C 


Ip Adc 
— OE e———— 
TA = 150°C ————————_— (1) 3 


: _—_—_——e 
Non-Repetitive Peak Surge Current Ir (suree Amps 
(1/2 cycle, 60 cps) : 10 
Operating and Storage Ta, Tstg | “————-65 to +175 —————> oC 
Temperature Range 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 


Forward Voltage 
(Ip = 1.0 Adc, Ta = 100°C) 
Reverse Current 
(Vp = 200 Vdc) USN 1N3611 
(Vp = 400 Vdc) USN 1N3612 
(VR = 600 Vdc) USN 1N3613 


Reverse Current at Rated VRm(rep) 


(VRM(rep) = 480 Vdc) USN 1N3612 
VRM(rep) = 720 Vdc) USN 1N3613 


High Temperature Operation: 
Reverse Current @T, = 150°C 
(VR = 200 Vdc) USN 1N3611 
= 400 Vdc) USN 1N3612 
= 600 Vdc) USN 1N3613 
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—— Motorola Silicon Rectifiers 


1N3649thru 1n3650 


Obsolete, discontinued types, replace with devices from the MR1030 series. 


1 N3659thru 1 n3663 Ms — aa te 


Low-cost silicon rectifiers in hermeticaily sealed, 
press-fit case, designed for operation under severe 
environmental conditions. Cathode connected to case, 
but available with reverse polarity by adding suffix 
"R" to. type number, 


CASE 43 


ABSOLUTE MAXIMUM RATINGS at 25°C Case Temp. Unless Otherwise Indicated 


Peak Repetitive Reverse Voltage VRM(rep) Volts 
DC Blocking Voltage VR 
RMS Reverse Voltage 


Average Half-Wave Rectified For- 
ward Current with Resistive Load 
@ 100°C case 
@ 150°C case 


Peak One Cycle Surge Current 
(150°C case temp, 60 cps) 


Maximum Full Cycle Average 
Forward Voltage Drop @ Rated 
PIV and Current 


Maximum Full Cycle Average 
Reverse Current @ Rated PIV and 
Current (as half-wave rectifier, 
resistive load, 150°C) 
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—— Motorola Silicon Rectifiers 


1N3659 thru 1N3663 (continued) 


20 


it) 


,, D-C FORWARD CURRENT (AMPERES) 


10 


lz, FORWARD CURRENT (AMPERES PER RECTIFIER) 


0 
0 02 04 #06 08 10 12 14 #16 #18 20 


Ve, FORWARD VOLTAGE (VOLTS) Te, CASE TEMPERATURE (°C) 


Motorola 1N3659-1N3663 rectifiers are designed for press-fitted mounting ina heat sink. Recommended 
procedures for this type of mounting are as follows: 


1, Drill a hole in the heat sink 0.499 + . 001 inch in diameter. 

2. Break the hole edge as shown to prevent shearing off the knurled edge of the rectifier when it is press- 
ed into the hole. 

3. The depth of the break should be 0.010 inch maximum to retain maximum heat skin surface contact 
with the knurled rectifier surface. 

4. Width of the break should be 0.010 inch as shown. 


These procedures will allow proper entry of the rectifier knurled surface, provide good rectifier- heat 
sink surface contact, and assure reliable rectifier operation. If the break is made too deep, thereby reduc- 
ing contact area for heat transfer, reliability of operation will be impaired, 

These devices can be mounted in a thin chassis by inserting the rectifier through an additional heat sink 


plate which is mounted in intimate contact with the upper side of the chassis. This provides additional con- 
tact area for the rectifier knurled edge, as well as additional heat sink capacity. 


.01 NOM 
TYPICAL THERMAL 
RESISTANCE, CASE { 
TO SINK, décs = 0.2°C/W - 


-01 NOM 


t_ DIA 
2 GlH//-: HEAT SINK 
. — = 0.499 + 0.001 DIA ; 


HEAT SINK MOUNTING 


ADDITIONAL 
HEAT SINK PLATE 


Lolli 


eaMBeeweeueern eanaen- eae ] sen eeenraaneauaeae wmeawmaae 
INTIMATE 2 
CONTACT AREA 


THIN-CHASSIS MOUNTING 


. 


NOTE: Refer to Motorola brochure PR-104 for additional suggested mounting methods and examples. 


COMPLETE 
KNURL CONTACT 
AREA 


THIN CHASSIS 
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—— Motorola Silicon Rectifiers 


INGO] Dthru 1n3883 eas A 
INSOS9thru INSOIS 
12 AMPERES 


Fast recovery silicon power rectifiers designed for 
high-frequency power supply, inverter, and converter 
applications. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to more 
than 300, 000 cps thus permitting the design of power 
supplies with smaller, lighter, and less expensive 
associated components. Cathode connected to case, but 
available with reverse polarity by adding suffix '""R" to 
type number. 


ABSOLUTE MAXIMUM RATINGS 


1N3879 | 1N3860 | 1N3881 
ee 2) 
Working Peak Reverse Voltage 


Volts 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(half-wave, single phase, VM(non-rep) Volts 
60 cycle peak) 
mene va Bee 


Rating 


Peak Repetitive Reverse Voltage 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, T, = 100°C) 


Non-Repetitive Peak Surge Current 
(superimposed on rated current at 
rated voltage, T,, = 100°C) 


rt Rating (non-repetitive, for t 
greater than 1 msec and less 
than 8.3 msec) 


Maximum Junction Operating Temperature Range -65 to +150 


Maximum Case Storage Temperature Range T -65 to +175 


Maximum Steady State DC Thermal Resistance 1N3879-83 
1N3889-93 
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— Moforola Silicon Rectifiers 


1N3879 thru 1N3883 (continued) 


ELECTRICAL CHARACTERISTICS 
1N3879 thru 1N3883 


Characteristic 
DC Forward Voltage Drop Ve Vdc 
(I, = 6.0 Adc, To = 25°C) 


Full Cycle Average Reverse Current 
My = 6.0 Amps and Rated Vv 60 cps 


To = 100°C, single phase) 


DC Reverse Current 
(Rated Vp» To = 100°C) 


TN3889 thru 1N3893 


Characteristic 
DC Forward Voltage Drop Vp 
(I, = 12.0 Adc, To = 25°C) 


Full Cycle Average Reverse Current 
(ly = 12.0 Amps and Rated Vv. 60 cps 


To= 100°C, single phase) 


DC Reverse Current 
(Rated V,, Toe 100°C) 


Maximum Reverse Recovery Time 
(i, = 1 Amp min, see test circuit) 


Maximum Overshoot Current 
(see test circuit) 


FAST RECOVERY 
RECTIFIERS GREATLY 
sh ste EFFICIENCY 


TYPICAL LOSSES AT 
HIGH FREQUENCY WITH 
CONVENTIONAL RECTIFIERS 
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—— Motorola Silicon Rectifiers —— 


1N3879 thru 1N38 83 (continued) 


TYPICAL REVERSE RECOVERY TIME-ALL TYPES 


Te= 25°C TEST CIRCUIT 
The drive conditlons were ob- 
tained by setting the forward 


\ 
power supply at the desired for- 
ward current and adjusting the 
variable resistor to allow various 
overshoot currents. 


los, OVERSHOOT CURRENT (AMPS) 


80 90 100 110 120 130 140 150 160 170 180 190 
tere REVERSE RECOVERY TIME (nsec) 


1N3889-93 


19387983 \_ MAXIMUM AVERAGE FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
10 20 
a 9 18 
3 8 16 
s 7 14 
3 6 12 
= 4 8 
2 3b 6 
= 2 4 
= ib 2 
0 0 


0 5 $0 95 100 105 110 115 120 125 130 135 140 145 150 
Tc, MAXIMUM CASE TEMPERATURE (° C) 


MAXIMUM REVERSE RECOVERY TIME 
TEST CIRCUIT (t,,) 


10K 


A — Tektronix 545A, 
K Piug-in Pre-Amp, 
P6000 Probe of Eq. 


R; — Adjusted for 1.42 


15 Vee . : between point 2 of 
60 CPS relay and rectifier. 
: Inductance ~— 3 yuh. 


R2 — Ten 1 W, 102, 
1% carbon comp. in 


C.P. CLARE 


HGP 1002 parallel. 
D+ Te=25 sary °C for 
1 Adc FROM CONSTANT VOLTAGE SUPPLY rectifiers. 


RIPPLE = 3 mVrms ogee se 

= %Q MAX, 0 ee 
=o ' Minimize all lead 
= lengths. 
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—— Motorola Silicon Rectifiers 


1N400 Tihru 1n4007 lo = 1 AMP 


Vr — to 1000 V 


Low-current, glass passivated silicon rectifiers in 
subminiature void-free, flame-proof silicone polymer 
case. Designed to operate under military environmental 
conditions. 


CASE 59 


ABSOLUTE MAXIMUM RATINGS (At 60 cps Sinusoidal, Input, Resistive or Inductive Load) 


= /_—_Svel_| |r| wa | wat | was [we [we | ie 


De Bice Yalage = kaa ala _ 


DC Blocking Voltage 
Average Half-Wave Rectified 
1000} 1000 | 1000 | 1000}; 1000} 1000 | 1000 ay 
750 | 750 750 | 750 750 750 750 
TM (surge) Amps 
I cs 


Forward Current (75°C Ambient) 
Operating and Storage T_T : 
Temperature Range J, stg 65 to + 175 


(100°C Ambient) 
ELECTRICAL CHARACTERISTICS 


Peak Surge Current 25°C 
(1/2 Cycle Surge, 60 cps) 
Peak Repetitive Forward Current 


Characteristic 


Maximum Forward Voltage Drop 
(1 Amp Continuous DC, 25°C) 


Maximum Full-Cycle Average Forward Voltage Drop 
(Rated Current @ 25°C) 


Maximum Reverse Current @ Rated DC Voltage (25°C) 
(100°C) 


Maximum Full-Cycle Average Reverse Current 
(Max Rated PIV and Current, as Half-Wave 
Rectifier, Resistive Load, 100°C) 


TYPICAL FORWARD CHARACTERISTICS MAXIMUM DC OUTPUT 


a gus Lot. 
750mA ke 


<> 500mA 
a 


0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 25°C §389§0°C 75°C 100°C 125°C 150°C 175°C 
Ve, FORWARD VOLTAGE DROP (VOLTS) T,, AMBIENT TEMPERATURE 


LOAD CURRENT 


1,, FORWARD CURRENT (AMPERES) 
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Motorola Silicon Rectifiers —— 


1IN4719 thru 1N4725 lo = 3 Amps 


MR1030 thru MR1036, MR1038, MR1040 Vx — to 1000 V 


CASE 66A CASE 67A 
1N4719 THRU 1N4725 MR1030B THRU MR1040B 
MR1030A THRU MR1040A 


Silicon high-conductance rectifiers available in either 
axial-lead or single-ended packages. Type numbers 
shown have cathode connected to case. For anode- 
to-case connection, add suffix ''R" to type number, 
i.e. IN4720R 


ABSOLUTE MAXIMUM RATINGS (Both Package Types) Ta = 25°C unless otherwise noted 


ae see 


Peak Repetitive Reverse Voltage | Vr (rep) 
Working Peak Reverse Voltage VRM (wkg) 600 | 800 Volts 
VR 
VRM 
non-re 
(one half-wave, single phase, ( P) Volts 
60 cycle peak) 


DC Blocking Voltage 
Ba Revere Votes SSeGCOoooC Om vas 


Average Rectified Forward Current 
(single phase, resistive load, Amps 
Peak Repetitive Forward Current [Ipaq (ro 
ee el 


60 cps, T, = 75°C) see figure 4 
Non-Repetitive Peak Surge Current | Ipjy (surge) 
(superimposed on rated current 


at rated voltage, Ta = 75°C) 
see figure 1 


Non-Repetitive Peak Reverse 
Voltage 


—— 300 (for 1/2 cycle) Amps 


Operating and Case Temperature Ty Tstg -65 to + 175 


‘Thermal Resistance Osa 30 — Watt 


1t Rating (non-repetitive, 
1 msec <t <8.3 msec) 
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— Motorola Silicon Rectifiers 


1N4719 thru 1N4725 (Continued) 


ELECTRICAL CHARACTERISTICS (AII Types) FORWARD VOLTAGE CHARACTERISTICS 


Characteristic | Symbol | Max. Lim 


Full Cycle Average Forward Voltage Drop VF(AV) 
(Ig = 3.0 Amps and Rated Vy, 
Ta = 75°C, Half Wave Rectifier) 


er Cae a Ge Pa 


ie iW! 
DC Forward Voltage Drop VF Volts 80 
(Ip = 3.0 Adc, Ta = 25°C) 60 
Full Cycle Average Reverse Current 40 


(Ig = 3.0 Amps and Rated Vr, 
Ta = 75°C, Half.Wave Rectifier) 


Dd 
i=] 


DC Reverse Current . 
(Rated Vp, Ta = 25°C) 


PON, 
oooo 


is, INSTANTANEOUS FORWARD CURRENT (AMPS) 


| a ee el ee ee 
Pad || a 


Inasteerpey» SUPERIMPOSED PEAK HALF 
SINE WAVE CURRENT (AMPS) 


0.1 
1 2 4 6 8 10 20 40 80 100 0 02 04 06 08 1.0 12 14 16 18 20 
CYCLES AT 60 CYCLES PER SECOND Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM FORWARD POWER 


DISSIPATION versus AVERAGE FORWARD CURRENT MAXIMUM FORWARD CURRENT versus AMBIENT TEMPERATURE 
? 5.0 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
4 4.0 


EEE ZO248 
tt | | YA bel | 
Pt] | ert ty 


2.0 


Peyes» AVERAGE FORWARD POWER (WATTS) 


Istevyp AVERAGE FORWARD CURRENT (AMPS) 


CTA yA RR ACS 

FAA 3 GCC 

AT é \ 

ATO) 

0 1 2 3 4 5 0 60 80 100 120 140 160 180 
Irtevye AVERAGE FORWARD CURRENT (AMPS) T,, AMBIENT TEMPERATURE (°C) 


MRO22 thru MR326 


_ For Specifications, See IN3491 Data Sheet 
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—— Motorola Silicon Rectifiers 


mR1030 thru mR 1036 


orl 038, MRI 040 For Specifications, See 1N4719 Data Sheet. 


mr1200+hru mR1207 lo = 50 AMPS 


Ve — to 400 V 


Silicon power rectifiers designed with double-case, 
multi- cell construction for extreme reliability and 
ruggedness, Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 


ABSOLUTE MAXIMUM RATI NGS 


MR MR 
1200 1202 


VRM(rep) 
Vem (wkg) Volts 
VR 


= 


<< 800 (for 1/2 cycle) ——— 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, ToF 150°C) 


Non-Repetitive Peak Surge Current 
ed vallige, F- on rated current at 
rated voltage, T,, = 150°C) 


Tem (surge) Amperes 


<— 500 (for six consecutive 1/2 cycles) —> 


ELECTRICAL CHARACTERISTICS 


t Rating (non-repetitive, for t 
greater than 1 msec and less 


than 8. 3 msec ) 


Operating and Storage Temperature 


Characteristic and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I, and Vie single phase, 60 cps. T,=150°C) 


Full Cycle Average Reverse Current 
(rated 1, and Vee single phase, 60 cps, Te =150°C) 
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—— Motorola Silicon Rectifiers 


MR1200 thru MR1207 (continued) 


lejav) , AVERAGE FORWARD CURRENT (AMPERES) 


1000 


i, INSTANTANEOUS FORWARD CURRENT (AMPERES) 


FORWARD VOLTAGE CHARACTERISTICS 


om” — MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
oes a Be 
70 
«ft Hy 
Paley 60 tt tN EE 
i ; ae 
if [- 
100 |} F-} 
80 -—— 5 
2 a 5 * 
«o -| & 
fala is 
ott : 
= 20 
10 KH (60 CPS, RESISTIVE OR INDUCTIVE LOAD) a NH 
a 0 
NY 
: ; BG pase 
o 10 NO 12 © 130 140 150 160° 170 180 


Te , MAXIMUM CASE TEMPERATURE (°C) 


eg 02 04 06 08 10 12 14 16 18 20 
Ve , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM SURGE CURRENT (Tc = 150°C) 


[+] 
[=] 
So 


nd 


[-23 
i=] 
f=) 


DS) 
oS 
(—) 


seeerae 


i=] 
rey 
% 


6 8 10 20 40 60 80 100 


Iraa{serge) , SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 
> 
S 


CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM SINGLE-PHASE CURRENT RATING 


su | | at en | TT TT TTT TT 
Ep NP ol ee) 
IN 
“RECESS NINE) consirions 
30 a Sa ae eer eee 5 x5x % copper heat sink 
i TRAE NENN ET TTT TT fin € = 0.9 and mounted parallel 
\ i 180° conduction. 
@ FAECES SSAC 2st ieons 
a ee ae De | TT el eraeae tyes 
10 es a ie aaa asSAShee For 6 phase ratings multiply 
SEE FBS tenn 
Shee heeeeee BAL 


100 120 140 160 180 200 
Th , AMBIENT TEMPERATURE (°C) 
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—— Motorola Silicon Rectifiers —— 


mr 121 0thro mR 1217 V. — to 400 V 


SL SB 
Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix ''R'' to type number. Avail- 


able in two package styles havingidentical ratings and characteristics. Desired 
package can be selected by adding suffix "SB" or "SL" to type number. 


ABSOLUTE MAXIMUM RATINGS (All Package Types) 


Pe | mm Lita itt [| || nt] 


Peak Repetitive Reverse Voltage Vv 
Working Peak Reverse Voltag nurse) 
verse Voltage 
VRM(wkg) 
Vr 
(one halfwave, single phase, Vem (non-rep) Volts 
60 cycle peak) 


DC Blocking Voltage 


<= 2,000 (for 1/2 cycle) ——— 


Non-Repetitive Peak Reverse Voltage 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, To = 150°C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, To = 150°C) 


Amperes 


<= 1,200 (for six consecutive 1/2 cycles) —> 


rt Rating (non-repetitive, for t 
greater than 1 msec and less 
than 8.3 msec) 


Characteristic and Conditions 


Full Cycle Average Forward Voltage Drop 


(rated I, and V_, single phase, 60 cps, Te 150°C) 


Full Cycle Average Reverse Current 


(rated I, and V_, single phase, 60 cps, TQ 150°C) 
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— Motorola Silicon Rectifiers 


MR1210 thru MR1217 (continued) 


ip, INSTANTANEOUS FORWARD CURRENT (AMPERES) 


Ieyavy» AVERAGE FORWARD CURRENT (AMPERES) 


FORWARD VOLTAGE CHARACTERISTICS 
| I GN SP Fa (ea a 


aan Goa 
4 
aan ay / 


\ 


MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


CBee TTETEALELIES 
s00}——_| eT 
é 120 
FEES TL 
ot + | | TAAL TTT | € in a ‘ 
[} BRERA REREE 

od —— —T 3 80 XY 

a Oo oo oon oo 2 \Y 

SSS Ses PLEPELIONN [| EL. 
40 fe Ses Ee Ge) Ge + 

; Pers AAL 
PEE TT TET AS 
| pit tt | N. 
2 | " Mo = 120—'s—«=a230's=idstiéiSsi‘iSC‘éTSC*«éSC“‘«i‘é C2 


"Te, MAXIMUM CASE TEMPERATURE (°C) 


0 02 04 06 08 1.0. 12 14 16 18 20 
Ve, INSTANTANECUS FORWARD VOLTAGE (VOLTS) 


MAXIMUM SURGE CURRENT (Tc = 150°C) 
2000 


500 


40 60 80 100 


Iratqearge)’ SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 
° 
3S 


CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


CONDITIONS 


5x 5x % copper heat sink 
fin € = 0.9 and mounted parallel 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 
For 6 phase ratings multiply 
current scale by 0.60. 


0 20 40 60 80 100 120 140 160 180 200 
T,, AMBIENT TEMPERATURE (°C) 
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—— Moforola Silicon Rectifiers —— 


mR? 220thru MRI 227 4 - -_ 


SB SL FL 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix "R''to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix'"'SB", "FB", "SL", 
or 'FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


MR | MR | MR | MR | MR | MR | AR | MR 
1220 | 1220 | 1222 | 1223 | 1224-| 1225 | 1226 | 1227 


150 Volts 
VR 
(one halfwave, single phase, VRM(non-rep) Volts 
60 cycle peak) 


pa re a ee el woe 
Average Rectified Forward Current 
(single phase, resistive load, Amperes 
60 cps. To = 150°C) 
3,600 (for 1/2 cycle) 
2,000 (for six consecutive Amperes 
1/2 cycles) 
rt Rating (non-repetitive for t 2 
greater than 1 msec and less or 27, 000 Arms) 5&° 
than 8.3 msec) 


Operating and Case Temperature Ty T ote -65 to +190 


ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I, and V., single phase, 60 cps. To = 150°C) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non- Repetitive Peak Reverse Voltage 


Non-Repetitive Peak Surge Currents 


(superimposed on rated current at 
rated voltage, T, = 150°C) 


Full Cycle Average Reverse Current 
(rated I, and Vv. single phase, 60 cps, To = 150°C) 
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— Motorola Silicon Rectifiers 


MR1220 thru MR1227 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 
on Se ee ee 


6000 


4000 MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


300 
sae ms al Ee 1 es ee ee 
(60 CPS, RESISTIVE OR INDUCTIVE LOAD) 
1000 4} —_} OP 
@ 800 gq 240 
B00 
: . : 200 
S = 8 160 
2 CV) ae eee F 
= 80 — z= 
0 PE in 
i PP re 
2 “Crryrreerrrry é 
: 20 = 3 


Lt | | N | 


0 140 150 160 17 
Tc, MAXIMUM CASE TEMPERATURE (°C) 


0 02 04 06 08 10 12 14 16 18 2.0 
Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


; MAXIMUM SURGE CURRENT (Tc = 150°C) 
360 


1 2 4 6 8 10 20 40 60 980 100 
CYCLES AT 60 CYCLES PER SECOND 


Iraatsergeye SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES) 


MAXIMUM SINGLE-PHASE CURRERT RATING 


CONDITIONS 


7x 7x Y% copper heat sink 
fin€ = 0.9 and mounted parallel 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


Inavys AVERAGE FORWARD CURRENT (AMPERES) 


0 20 40 60 80 100 120 140 160 180 200 
T,, AMBIENT TEMPERATURE (°C) 
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~— Moforola Silicon Rectifiers ——— 


mMR1230thru mel 237 lo: : _ _ 


‘> 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix ''R" to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 


60 cps, To = 150°C) 


<—_ 5,000 (for 1/2 cycle) —» 


1-M(surge) <— 3,000 (for six consecutive —» 
1/2 cycles 


pa bE 52,000 "ang 9° 


re a a 
ELECTRICAL CHARACTERISTICS 


Characteristics and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I and V_, single phase, 6Q cps = 150°C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 
rated voltage, To = 150°C) 


Amperes 


rt Rating (non-repetitive, for t 
greater than 1 msec and less 
than 8.3 msec) 


Operating and Case Temperature 


Full Cycle Average Reverse Current 
(rated I, and V : single phase, 60 cps = 150°C) 
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— Motorola Silicon Rectitiers 


MR1230 thru MR1237 (continued) 
FORWARD VOLTAGE CHARACTERISTICS 


10,000 SS ES SS CS ES SE SS ee 
000 ES SS Se ee ee ee ee ee ee ee 


2000 MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 
600 

1000 F-—}-_,-__}_}_1 f/f} tt 

800 

600 500 

ae ea oe 

ss tA tt tt i 


200 


Ip, INSTANTANEOUS FORWARD CURRENT (AMPERES) 
leary AVERAGE FORWARD CURRENT (AMPERES) 

w 

r=} 


0 110 120 130 140 150 160 170 180 190 
Te» MAXIMUM CASE TEMPERATURE (°C) 


1 
0 02 04 06 08 10 12 14 16 18 2.0 
Ve» (INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
MAXIMUM SURGE CURRENT (Tc = 150°C) 
5000 


4000 


Inatsergey» SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 
(AMPERES) 


10 20 
cycles AT 60 CYCLES PER SECOND 


MAXIMUM SINGLE-PHASE CURRENT RATING 
300 


& 
So 


CONDITIONS 


8x 8x % copper heat sink 
NI fin € = 0.9 and mounted parallel 
~~ to air flow. 180° conduction. 
a For 3 phase ratings multiply 
Rae I current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


200 


Ina» AVERAGE FORWARD CURRENT (AMPERES) 
L pmad -— 
=) 3 


wa 
So 


T,, AMBIENT TEMPERATURE (°C) 
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—— Motorola Silicon Rectifiers —— 


MR 1240 thru mr 247 = _ 


SB 


Silicon power rectifiers designed with double-case, multi-cell construction 
for extreme reliability and ruggedness. Standard cathode-to-case polarity, 
but available with reverse polarity by adding suffix ''R' to type number. Avail- 
able in a variety of packages, all of which have the same ratings and charac- 
teristics. Desired package can be selected by adding suffix "SB", "FB", "SL", 
or "FL" to type number. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one halfwave, single phase, 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, To 150°C) 


Non-Repetitive Peak Surge Currents 
(superimposed on rated current at 


rated voltage, Te = 150°C) 


rt Rating (non-repetitive, for t 


; << 8,000 (for 1/2 cycle) ————> 
FM (surge) Amperes 
<= 4,500 (for six consecutive 1/2 cycles) —> 
greater than 1 msec and less es —._133,000 —— I OA 25sec 
than 8.3 msec) (rms) 


Operating and Case Temperature T J Tatg ~65 to +180 ee 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 


Full Cycle Average Forward Voltage Drop 
(rated I, and V.. single phase, 60 cps, T)= 150° C) 


Full Cycle Average Reverse Current 
( rated I, and Ve single phase, 60 cps, To = 150° C) 
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— Motorola Silicon Rectifiers 


MR1240 thru MR1247 (continued) 
FORWARD VOLTAGE CHARACTERISTICS 


INSTANTANEOUS FORWARD CURRENT (AMPERES) 


Intavys AVERAGE FORWARD CURRENT (AMPERES) 


700 


600 


500 


400 


300 


Isayjs AVERAGE FORWARD CURRENT (AMPERES) 


0 110 120 130 140 150 160 170 180 190 200 
To, MAXIMUM CASE TEMPERATURE (°C) 


1 
0 02 04 06 08 10 12 14 16 18 20 
Ys, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Irsajserge)? SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPERES 


“2000 


8000 MAXIMUM SURGE CURRENT (Tc = 150°C) 


7000 
6000 
5000 
4000 


3000 


1000 


1 2 4 6 8 10 20 40 60 80 100 
CYCLES AT 60 CYCLES PER SECOND 


MAXIMUM SINGLE-PHASE CURRENT RATING 


CONDITIONS 
8x8x% copper heat sink 
fin€ = 0.9 and mounted parallel 
to air flow. 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


40 60 80 100 120 140 160 180 200 
Tas AMBIENT TEMPERATURE (°C) 
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—— Motorola Silicon Rectifiers 


mr] 260¢hre mrl 267 lo = 650 AMPS 


Vp — to 400 V 


Silicon power rectifiers designed with double-case, 
multi- cell construction for extreme reliability and 
ruggedness, Standard cathode-to-case polarity, but 
available with reverse polarity by adding suffix "R" to 
type number. 


ABSOLUTE MAXIMUM RATINGS 


Peak Repetitive Reverse Voltage VRM(rep) 
Working Peak Reverse Voltage as 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, 
60 cycle peak) 


Average Rectified Forward Current 
(single phase, resistive load, 
60 cps, To? 150°C) 


Non-Repetitive Peak Surge Currents <a 12,000 (for 1/2 cycle) ————> 
(superimposed on rated current at : 


rated voltage, To = 150°C) 


<= 8,000 (for six consecutive 1/2 cycles) —> 


rt Rating (non-repetitive, for t 


greater than 1 msec and less 
than 8. 3 msec) 


Operating and Storage Temperature 


Thermal Resistance 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditions 
Full Cycle Average Forward Voltage Drop V 
(rated I, and Ve single phase, 60 cps, T=150°C) F(AV) 


Full Cycle Average Reverse Current 
(rated 1, and Vv. Single phase, 60 cps, TQ=150°C) 
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—— Motorola Silicon Rectifiers 


MR1260 thru MR1267 (continued) 


FORWARD VOLTAGE CHARACTERISTICS 


MAXIMUM FORWARD CURRENT versus MAXIMUM CASE TEMPERATURE 


1200 
rioofp——{-—__| | | sso ers resistive or mauerive roto) | 


I, . INSTANTANEOUS FORWARD CURRENT (AMPERES) 
Iya) » AVERAGE FORWARD CURRENT (AMPERES) 


0 110 120 130 140 150 160 170 180 190 200 
Te « MAXIMUM CASE TEMPERATURE (°C) 


0 02 04 06 08 10 12 14 16 18 20 


Ve , INSTANTANEOUS FORWARD VOLTAGE (VOLTS) MAXIMUM SURGE CURRENT (Tc = 150°C) 
12,000 


10,000 


8060 


6000 


4000 


2000 


Irsatecrge) » SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 
(AMPERES) 


CYCLES AT 60 CYCLES PER SECOND 
MAXIMUM SINGLE-PHASE CURRENT RATING 


CONDITIONS 


10x 10x % copper heat sink 
fin € = 0.9 and mounted parallel” 
to air flow, 180° conduction. 


For 3 phase ratings multiply 
current scale by 0.85. 


For 6 phase ratings multiply 
current scale by 0.60. 


Isjavy » AVERAGE FORWARD CURRENT (AMPERES) 


T, , AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Rectifiers 


Ip = 1000 Amps 


mR I 290 thru orl 297 Vv, — to 400 V 


Silicon power rectifiers designed with multi-cell con- 
struction for extreme reliability and ruggedness. 
Standard polarity is cathode-to-water-cooled case, 
but reverse polarity devices are available designated 
by an ''R" suffix. i.e. MR1295R 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 
DC Blocking Voltage 


Non-Repetitive Peak Reverse Voltage 
(one half-wave, single phase, VRM(non- 
60 cycle peak) (non-rep) 


RMS Reverse Voltage 


Continuous Average Rectified 

Forward Current 
(single phase, resistive load, ——_—_—_—_—_—_——————- 1000 —————| Amperes 
60 eps, Te = 150°C) 


Non-R ak | 
(else eae a suyel ipa pe 18,000 (for 1/2 cycle) ————=— 
rated voltage, Tq = 150°C) Amperes 


Thermal Resistance DC 
"1 and 3 phase 
6 phase 


Case Temperature Reference Point: Tc measured at center edge of the water cooled mounting bus 


ELECTRICAL CHARACTERISTICS 


Characteristic and Conditicns Syne 
Full Cyclé Average Forward Voltage Drop Vv 
(rated I, and V,, single phase, 60 cps, Tc = 150°C) F(AV) 


Full Cycle Average Reverse Current ‘ 
(rated I, and V,, single phase, 60 cps, Tc = 150 c) In( AV) 
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Motorola Silicon Rectifiers 


MR1290 thru MR1297 (Continued) 


MAXIMUM FORWARD CURRENT 
FORWARD VOLTARE CHARACTERISTICS versus MAXIMUM CASE TEMPERATURE (100% DUTY) 
g 
30000 £ g 6s 
na 3 ss 
& BE 
5 Ee 
8000 6 s ORF avo 
6000 5 Ep 
= z= 
4000 3 ee 
Bi 8 
S 2000 5 a 
San Po oH 
_: p oka 
z 600 = 0 100 180 200 
g 400 Tc, MAXIMUM CASE saci (°C) 
2 
2 200 MAXIMUM SURGE CURRENT 
rs 


BRT 


FARE 


02 04 06 O08 10 12 14 #16 18 20 
¥p, [INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


lraatsarge}s SUPERIMPOSED PEAK HALF SINE WAVE CURRENT 


1 2 4 6 8 10 20 4” 60 80 100 
CYCLES AT 60 CYCLES PER SECOND 


TYPICAL COOLING RATES AT RATED LOAD CONDITIONS 


COOLING REQUIREMENTS 


Type of Cooling — Water 
Min Inlet Water Temp. — 0°C 
Max Inlet Water Temp. — 75°C 


NOTE: Water flow rates may be decreased at lighter load 
demands provided maximum case temperatures are not ex- 
ceeded. In some applications where cooling systems are op- 
erated in series, it may be desirable to increase flow rates in 
order to minimize water temperature rises. 
NOTE: 

MAXIMUM RMS DEMAND CURRENT versus PERCENT DUTY Curves apply to normal rectifier 

service conditions with maintained 


6000 
5000 ee ee Rectifier Case Temperature (Tc) equal 


to or less than the values specified. 


To determine the Maximum Average 
Current [Ircav)] per rectifier, multiply 
the RMS Current [Ir] rating by the fac- 
tor given for the operating condition. 
@ Ircav) = .64I for Single Phase 

@ Ircav) = .S7I¢ for Three Phase and 

Six Phase with interphase 
@ Ircv) = .40I¢ for Six Phase Star 


ly — DEMAND CURRENT PER RECTIFIER 
DURING “ON” TIME (AMPERES, RMS) 
22288 


g 


i 2 4 8 100 
PERCENT DUTY 
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— Motorola Silicon Rectifiers —— 


MR1OO/=ITthru MRI337-5 lo = 1AMP 


Vp — to 400 V 


Fast recovery silicon rectifiers designed for high- 
frequency power supply, inverter, and converter appli- 
cations. Typical recovery time of 100 nsec extends 
practical frequency limit of current rectification to 
more than 300,000 cps thus permitting the design of 


CASE 52 power supplies with smaller, lighter, and less expen- 


sive associated components. 


ABSOLUTE MAXIMUM RATINGS 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


Peak Repetitive Reverse Voltage 
Working Peak Reverse Voltage 

DC Blocking Voltage 

Non-Repetitive Peak Reverse Voltage 


(half-wave, single phase, 
60 cycle peak) 


pe Rectified Forward Current 
(single-phase resistive load)T 4=25°C 
Figure 2 Taet5°C 


Non-Repetitive Peak Surge Current 
Figure 3 (superimposed on rated 
current at rated voltage, T, = 75 °C) 


Peak Repetitive Forward Current 
(T yas 75°C) 


1t Rating 
(non-repetitive, for t greater than 
1 msec and less than 8.3 msec) 


Maximum Junction Operating 
Temperature Range 


Maximum Case Storage 
Temperature Range 


-65 to +150 


-65 to +175 


FIGURE 2— MAXIMUM AVERAGE FORWARD CURRENT RATING 
versus MAXIMUM AMBIENT TEMPERATURE 


1 
0 02 O04 O06 O8 10 12 14 #16) 18 
Ve, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) Ta, AMBIENT TEMPERATURE (°C) 


3-40 


—— Motorola Silicon Rectifiers 


MR1337-1 thru MR1337-5 (continued) 


ELECTRICAL CHARACTERISTICS 


DC Forward Voltage Drop Vd 
d, = 1,0 Adc, Ty = 25°C) : 


Full Cycle Average Forward eae Drop 
(p= 0.75 Amps and Rated Vi Tae 75°C, 


Half Wave Rectifier) 


Full Cycle Average Reverse Current 
(ly = 0.75 Amp and Rated Vie Tae 15°C, 


A 
single phase) 


DC Reverse Current 
(Rated Vp? Ty = 25°C) 


Maximum Reverse Recovery Time 
I, = 1 Amp min) 


ser 3— MAXIMUM ALLOWABLE NON-REPETITIVE SURGE CURRENT (SUPERIMPOSED ON RATED CONDITIONS, Vpuyen, APPLIED AFTER SURGE, T, = 75°C) 
Sh Be oh 
LPN egy Ne 
A Nb IN 


* HIGH GN FREQUENCY WITH 


Inaa{verge)s SUPERIMPOSED PEAK HALF SINE WAVE CURRENT (AMPS) 


A— TEXTRONIX 545A, K PLUG-IN 
PREAMP, P6000 PROBE OR EQ 
NONINDUCTIVE R, — ADJUSTED FOR 1.40 BETWEEN 
POINT 2 OF RELAY AND RECTIFIER. 
INDUCTANCE ~ 38 xh 


R, — TEN 1W, 100, 1% CARBON COMP. 
IN PARALLEL 


115 Vac 


Ta = 25 19 °C FoR RECTIFIER 


2 MINIMIZE ALL LEAD LENGTHS 
Vic NON-INDUCTIVE ¢, ~ LAde FROM CONSTANT VOLTAGE SUPPLY 
CONSTANT VOLTAGE 1 RIPPLE = 3 mVirms MAX 
SUPPLY 300 300V Zan = Ye MAX, DC to 2 ke 
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HAVING A SEMICONDUCTOR APPLICATIONS PROBLEM? 


Perhaps one of Motorola’s authoritative Technical Information notes can 
help you find a solution. 

The most recent index to the growing list of Motorola Application Notes 
appears below. 


AN-111 
AN-112 
AN-114 
AN-124 
AN-129 
AN-130 
AN-133 
AN-134 
AN-136 
AN-138 
AN-140 
AN-141 


AN-142 
AN-143 
AN-144 
AN-146 
AN-148 
AN-149 
AN-150 
AN-151 
AN-152 
AN-153 
AN-155 
AN-156 
AN-157 
AN-158 
AN-159 
AN-160 
AN-161 


IC-10 


“10-11 


Video Amplifier with 150-mc Bandwidth 

400-mc Power Oscillator 

Modulation of Driver Stage to Increase Power Output of A-M Transmitter 
The 2N741 Mesa Transistor as a Power Oscillator and Class C Amplifier 
For Computers... Basic RCTL Circuits 

2N711 Computer Circuits 

Designing Low-Noise RF Input Transistor Stages 

Power Inverter Circuits Using Distributor Components 

Techniques of Current-Mode Logic Switching 

Transistor Switches: The Best Design for the Worst Case 
Characterization of SCR’s as Switches for Line Type Modulators 

Silicon Controlled Rectifiers — New Opportunities for Electronic Appli- 
cations in the Home 

Highlights of Small-Signal Circuit Design 

Converting Amplifiers to Integrated Circuit Format 

Monolithic or Hybrid? 

The Gate Controlled Switch 

Integrated Circuit Reliability 

Designing Linear Microcircuits: Problems and Solutions 

Getting Transistors into Single-Sideband Amplifiers 

Charge Storage Varactors Boost Harmonic Power 

Thin Film Hybrid Techniques 

Monostable Multivibrator 

New Masking Techniques for Micro-power Transistors 

A Marine Band Transmitter Using 2N2832 Power Transistor 

Designing Monolithic |/C 

Whats and Whys about y Parameters 

A New Look at Coaxial Cavities for Varactor Multipliers 

Application of Micro-Electronics to IF Amplifiers 

Design, Performance, and Applications of the MV1892 RF Switching 


Diode 
Tuned Amplifier Design with Motorola’s MC1110 Integrated Circuit 


Amplifier 
System Design with MECL Integrated Circuit Logic Blocks 


You can obtain copies of the notes by writing to: 


Technical Information Center 
Motorola Semiconductor Products Inc. 
Box 955 

Phoenix, Arizona 85001 
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MOTOROLA SILICON RECTIFIER ASSEMBLIES 


Devices included in this section: 


RECTIFIER STACKS 
300 Series 


MOLDED BRIDGES 


MDA942 Series MDA962 Series MDA1505 Series 
MDA952 Series MDA1491 Series MDA1591 Series 


MINIATURE BRIDGE ASSEMBLIES 


MDA920 Series MDA94O0 Series MDA950 Series 
MDA930 Series 


HIGH-VOLTAGE MOLDED ASSEMBLIES 


1N1730 1N2382 MDA1330H 
IN1731 1N2383 MDA1331H 
1N1732 1N2384 MDA1332H 
1N1733 1N2385 MDA1333H 
IN1734 
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Silicon Rectifiers and Assemblies 


SILICON RECTIFIER ASSEMBLIES 


Silicon rectifiers are available as individual cells with a wide variety of cur- 
rent and voltage ratings, as described in the rectifier section of this manual. 
In addition, these devices are available in standard and custom assemblies, 
which greatly increase the range of applications that can be satisfied with Single - 
unit preassembled devices. 


Included in these standard assemblies are: 


High and low current rectifier circuit configurations 


ang Actual Size 


Series -connected high-voltage rectifier assemblies. 


Custom assemblies, including both zener diode and rectifier assemblies, 
can be obtained inexpensively in quantity by specifying the type of devices 
needed (from a large selection of individual diodes and rectifiers) and the de- 
sired circuit configuration. 
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—— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS 


300 series 


Motorola silicon rectifier stacks consist of one or more medium current sili- 
con rectifiers interconnected in any of six common rectifier circuits and se- 
curely mounted in extruded-fin, aluminum coolers to provide optimum heat-sink 
surface contact. Configurations in both vertical-fin cooler (for free convection 
cooling) and horizontal-fin coolers (for forced air cooling) are available. 


TYPICAL COOLER ORIENTATIONS 


Horizontal Fins — Forced Air Cooling 


Vertical Fins — Free Convection Cooling 


SILICON RECTIFIER STACKS (continued) 
MOTOROLA SILICON RECTIFIER STACK CODING SYSTEM 


=seee4*"* 


V — Vertical, primarily de- 


STACK SERIES NUMBER 
3 — Series 300 


COOLER ORIENTATION 


signee for free convection 
eo ling 
orizontal, primarily 


decried for forced air 
cooling 


COOLER AXIAL LENGTH 
1— % inch 


2— 1% inch 
3 —3 inches 


RECTIFIER CIRCUITS 
B,C,U,0,F,H,Y ,W 


RECTIFIER CELL PACKAGE 


INDIVIDUAL RECTIFIER 
CELL PIV 


A — 50 Volts 

B — 100 Volts 
C — 200 Volts 
D — 300 Volts 
E — 400 Volts 


NUMBER OF RECTIFIER 
CELLS IN SERIES IN 
EACH CIRCUIT LEG* 

1 thru 8 


“All series cr paratlel connected rectifiers 
are matched units. 


NUMBER OF RECTIFIER 
CELLS IN PARALLEL IN 
EACH CIRCUIT LEG* 


A—one 
B— two 
C — three 
DO — four 
E — five 


NUMBER OF COOLERS IN 
COMPLETE STACK 


1 thru 4 


Silicon Rectifiers and Assemblies 


€ 
Cc 
B — Singte Phase Sridge 
OC Output Current: 12.0 to 70.0 Amps(55°C) 


OC Output Voltage: 31 to 434 Volts 
(Resistive Load) 


AC 
+ 
Cc 
C — Single Phase, Center Tap, 


commen Cat 


U — Single Phase, Center Tap, 
commen Anede 


OC Output Current: 12 to 70 Amps (55°C) 


OC Output Voltage: 15 to 382 Volts 
(Resistive Load) 


AC 


D — Single Phase Doubler 
OC Output Current: 4.5 to 26.5 Amps (55°C) 


OC Output Voltage: 50 to 1200 Volts 
(Capacitive Load) 


AC 46 AC 6 AC 
a — Three Phase, Full Wave Gridge 
OC Output Current: 18 to 88.5 Amps (55°C) 


OC Output Voltage: 46 to 377 Volts 
(Resistive Load) 


+ 


haf — Single Phase Half-Wave 
OC Output Current: 6.0 to 35.0 Amps (55°C) 


DC Output Voltage: 16 to 635 Volts 
(Resistive Load) 


AC 
AC = 
AC 
Y — Three Phase Halt-Wave, 


common cathede 


— Thres Phase Half-Wave, 
common ancde 
OC Output Current: 18 to 105.0 Amps (55°C) 


OC Output Voltage: 23 to 330 Volts 
(Resistive Load) 


+55°C 
+100°C 


+55°C 
+100°C 


—— Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS (continued) 


VERTICAL — free-convection cooling 
32. 0A 48.04 | 
10. 0A 14. 0A 19. 0A 


3V1B1A1A2 
3V1B1B1A2 
3V1B1C1A2 
3V1B1D1A2 
3V1B1E1A2 
3V1B1D2A4 
3V1B1E2A4 


3H1B1A1A2 
3H1B1B1A2 
3H1B1C1A2 
3H1B1D1A2 
3H1B1E1A2 


B — SINGLE PHASE FULL WAVE BRIDGE 


12. 0A 16, 0A 


3V2B1A1A2 
3V2B1B1A2 
3V2B1C1A2 
3V2B1D1A2 
3V2B1E1A2 
3V2B1D2A4 
3V2B1E2A4 


HORIZONTAL — forced air cooling (1000 LFM) 


37. 0A 44. 0A 59. OA 70, 0A 
15. OA 19. 0A 26. 0A 34. 0A 39. OA 


3H2B1A1A2 
3H2B1B1A2 
3H2B1C1A2 
3H2B1D1A2 
3H2B1E1A2 
3H2B1D2A4 
3H2B1E2A4 


22. 0A 


3V3BI1A1A2 
3V3B1B1A2 
3V3B1C1A2 
3B3B1D1A2 
3V3B1E1A2 
3V3B1D2A4 
3V3BIE2A4 


3H3B1A1A2 
3H3B1B1A2 
3H3B1C1A2 
3H3B1D1A2 
3H3B1E1A2 
3H3B1D2A4 
SH3B1IE2A4 


YELLOW 


RED 


YELLOW 


Cap. 
Line 
to Line 


3V2B1A1A4 3V3B1A1A4 
3V2B1B1A4 3V3B1B1A4 
3V2B1C1A4 3V3B1C1A4 
3V2B1D1A4 3V3B1D1A4 
3V2BIE1A4 3V3BIE1A4 


Cap. 
Line 
to Line 


3H2B1A1A4 3H3B1A1A4 
3H2BIB1A4 3H3B1B1A4 
3H2B1C1A4 3H3B1C1A4 
3H2B1ID1A4 3H3B1D1A4 


3H2B1IE1A4 3H3B1E1A4 


?-O YELLOW 0 YELLOW 


F — THREE PHASE FULL WAVE BRIDGE 


VERTICAL — free convection cooling 


33. 0A 
15, OA 


Current 


+55°C 
+100°C 


3VIFIALA3 
3V1IF1B1A3 
3V1F1C1A3 
3V1IF1D1A3 
3VIFI1E1A3 


3V2F1A1A3 
3V2F1B1A3 
3V2F1C1A3 
3V2F1D1A3 
3V2F1E1A3 


3V3F1A1A3 
3V3F1B1A3 
3V3F1C1A3 
3V3FIDIA3 
3V3F1E1A3 
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Silicon Rectifiers and Assemblies ——— 


SILICON RECTIFIER STACKS (continued) 


THREE PHASE, FULL WAVE BRIDGE (continued) 


aaa | HORIZONTAL — forced air cooling (1000 LFM) 


55. OA 66. 0A 88. 5A 
22. 5A 28. 5A ; 


+55°C 
+100°C 


3H1F1A1A3 3H2F1A1A3 3H3F1A1A3 
3H1F1B1A3 3H2F1B1A3 3H3F1B1A3 
3H1F1C1A3 3H2F1C1A3 3H3F1C1A3 
3HIF1ID1A3 3H2F1D1A3 3H3F1D1A3 
3H1F1E1A3 3H2F1IE1A3 3H3F1E1A3 


SINGLE PHASE, CENTER TAP RECTIFIER 


C — SINGLE PHASE CENTER TAP, COMMON CATHODE 
U — SINGLE PHASE CENTER TAP, COMMON ANODE 


YELLOW 
RED 
+ 
YELLOW 


VERTICAL — free convection cooling 


3VICIAIAI 
3V1IC1B1A1 
3VICICIA1 
3VICIDIA1 
3VICIE1A1 
3V1C1D2A2 
3V1C1E2A2 
3V1C1D4A4 
3V1C1E4A4 


3HICIAIA1 
3H1C1B1A1 
3HICICIA1 
3H1C1D1A1 
3HICIEIA1 
3H1C1D2A2 
3HICIE2A2 


3V2C1A1A1 
3V2C1B1A1 
3V2C1C1A1 
3V2C1D1A1 
3V2C1E1A1 
3V2C1D2A2 
3V2C1E2A2 
3V2C1D4A4 
3V2C1E4A4 


3H2C1A1A1 
3H2C1B1A1 
3H2CICIA1 
3H2CIDIA1 
3H2C1E1A1 
3H2C1D2A2 
3H2C1E2A2 
3H2C1D4A4 
3H2C1E4A4 


3V38CIAI1A1 
3V2C1B1Al 
3V3C1C1A1 
3V3CIDIA1 
3B3C1E1A1 
3V3C1D2A2 
3V3C1E2ZA2 


3V3C1ID4A4 . 


3V3C1E4A4 


3H3C1A1A1 
3H3C1B1A1 
3H3C1IC1A1 
3H3C1D1Al 
3H38C1E1A1 
3H3C1D2A2 
3H3C1E2A2 
3H3C1D4A4 
3H3C1E4A4 
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3V2C1ALA2 
3V2C1BLA2 
3V2C1C1A2 
3V2C1D1A2 
3V2CIE1LA2 
3V2C1D2A4 
3V2C1E2ZA4 


3H2C1A1A2 
3H2C1B1A2 
3H2C1C1A2 
3H2C1D1A2 
3H2C1E1A2 
3H2CID2A4 


-3H2ZC1E2ZA4 


3V3C1LA1A2 
3V3C1B1A2 
3V3C1C1A2 
3V3C1D1A2 
3V3C1E1A2 
3V3C1D2A4 
3V3C1E2A4 


3H3C1A1A2 
3H3C1B1A2 
3H3C1C1A2 
3H3C1D1A2 
3H3C1E1A2 
3H3C1D2A4 
3H3C1E2A4 


3VIDIAIA1 
3V1D1B1A1 
3V1IDIC1A1 
3V1D1D1A1 
3V1D1E1A1 
3V1D1D2A2 
3V1D1E2A2 
3V1D1D4A4 
3V1D1E4A4 


D-SINGLE PHASE DOUBLER 


3V2D1A1A1 
3V2D1B1Al 
3V2D1C1A1 
3V2D1DI1A1 
3V2D1E1Al 
3V2D1D2A2 
3V2D1E2A2 
3V2D1D4A4 
3V2D1E4A4 


Silicon Rectifiers and Assemblies 


SILICON RECTIFIER STACKS (continued) 


YELLOW 


3V3D1A1A1 
3V3DIBI1Al 
3V3D1C1A1 
3V3D1D1A1 
3V3D1E1A1 
3V3D1D2A2 
3V3D1E2A2 
3V3D1D4A4 
3V3D1E4A4 


3V2D1A1A2 
3V2D1B1A2 
3V2D1C1A2 
3V2D1D1A2 
3V2D1E1A2 
3V2D1D2A4 
3V2D1E2A4 


RED 9 + 


3V3D1A1A2 
3V3D1B1A2 
3V3D1C1A2 
3V3D1D1A2 
3V3D1E1A2 
3V3D1D2A4 
3V3D1E2A4 


HORIZONTAL — forced air cooling (1000 LFM) 
25. 5A 


Line 
to Line 


3HIDIAIA1 
3H1D1B1A1 
3H1D1C1A1 
3H1D1D1A1 
3HIDIE1A1 
3H1D1D2A2 
3HIDIE2A2 


3H2D1A1A1 
3H2D1B1Al 


3H2DICIA1 - 


3H2D1D1A1 
3H2D1E1A1 
3H2D1D2A2 
3H2D1E2A2 
3H2D1D4A4 
3H2D1E4A4 


3H3D1A1A1 
3H3D1B1A1 
3H3D1C1A1 
3H3D1D1A1 
3H3D1E1Al1 
3H3D1D2A2 
3H3D1E2A2 
3H3D1D4A4 
3H3D1E4A4 


3H2D1A1A2 
3H2D1B1A2 
3H2D1C1A2 
3H2D1D1A2 
3H2D1E1A2 
3H2D1D2A4 
3H2D1E2A4 


3H3D1A1A2 
3H3D1B1A2 
3H3D1C1A2 
3H3D1D1A2 
3H3D1E1A2 
3H3D1D2A4 
3H3D1E2A4 


: “ 
Res, | Cap. 
Load | Load 


3VIHID2Al1 
3VIHIE2A1 
3V1H1D4A2 


3V1H1E4A2 
3V1HIE6A3 
3V1H1E8A4 


3V2H1D2A1 
3V2H1IE2A1 
3V2H1D4A2 


3V2H1E4A2 
3V2H1E6A3 
3V2H1E8A4 


3VIHIAIA1 
3V1IHIBIA1 
3V1HICIA1 
3V1HIDI1A1 
3VIHIE1A1 
3V3H1D2Al1 
3V3HIE2A1 
3V3H1D4A2 


3V3H1E4A2 


3V3H1E6A3 
3V3HIE8A4 
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3V2H1A1Al1 
3V2H1B1Al1 
3V2H1C1A1 
3V2H1ID1A1 
3V2HIE1A1 


3V2HID3A3 


3V2H1E3A3 
3V2H1E4A4 


3V3H1A1Al 
3V3H1IBI1A1 
3V3H1C1A1 
3V3HIDIA1 
3V3HIEIA1 


3V3H1D3A3 


3V3H1E3A3 
3V3H1E4A4 
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SILICON RECTIFIER STACKS (continued) 


SINGLE PHASE, HALF-WAVE RECTIFIER (continued) 


HORIZONTAL — forced air cooling (1000 LFM) aa 
18, 5A 22. 0A 29. 5A 34. 0A 35. 0A 


3H1H1E2A1 
3H1H1D4A2 


3H1H1E4A2 
3HIHIE6A3 


3H2H1E2A1 
3H2H1D4A2 


3H2H1E4A2 
3H2H1E6A3 
3H2H1E8A4 


3H3H1E2A1 
3H3H1D4A2 


3H3H1E4A2 
3H3H1E6A3 
3H3HIE8A4 


THREE PHASE HALF-WAVE RECTIFIER 


YELLOW 
RED 
Y — THREE PHASE HALF-WAVE, COMMON CATHODE YELLOW 
W — THREE PHASE HALF-WAVE, COMMON ANODE Sew 


+55°C 
100°C 


3V1Y1D2A3 
3V1Y1E2A3 


3H1Y1D2A3 
3HIY1E2A3 


3V2Y1D2A3 
3V2Y1E2A3 


3V1Y1A1A3 
3V1Y1B1A3 
3V1Y1C1A3 
3V1Y1D1A3 
3V1IY1E1A3 
3V3Y1D2A3 
3V3Y1E2A3 


3H2H1D3A3 


3H2H1E3A3 
3H2H1E4A4 


3V2Y1A1A3 
3V2Y1B1A3 
3V2Y1C1A3 
3V2Y1D1A3 
3V2Y1E1A3 


SHIHIAIA1 | 3H2H1A1A1 | 3H3H1A1A1 

3H1H1B1A1 | 3H2H1B1A1 | 3H3HIBIA1 

3H1HIC1A1 | 3H2H1C1A1 | 3H3H1C1A1 

3HIH1D1A1 | 3H2H1D1A1 | 3H3HIDIA1 

3HIHIE1A1 | 3H2H1E1A1 | 3H3H1E1A1 
3H1H1D2A1 | 3H2H1D2A1 | 3H3H1D2A1 : 


3H3H1D3A3 


3H3H1E3A3 


3H3H1E4A4 


3V3YIALA3 
3V3YIBI1A3 
3V3Y1C1A3 
3V3Y1D1A3 
3V3YLE1A3 


HORIZONTAL -— forced air cooling (1000 LEM) 


66. 0A 88. 5A 102. OA 105. 0A 


3H2Y1D2A3 
3H2Y1E2A3 


3H1Y1A1A3 
3H1Y1B1A3 
3H1LY1C1A3 
3H1Y1D1A3 
3H1Y1E1A3 
3H3Y1D2A3 
3H3Y1E2A3 


3H2Y1A1A3 
3H2Y1B1A3 
3H2Y1C1A3 
3H2Y1D1A3 
3H2Y1E1A3 


3H3Y1A1A3 
3H3Y1B1A3 
3H3Y1C1A3 
3H3Y1D1A3 
3H3Y1IE1A3 


Max. RMS 
Input 
Voltage 


Line to 
Neutral 


Silicon Rectifiers and Assemblies 


MINIATURE DIODE ASSEMBLIES 


mpa920 series 
mpa930 series 
mpAQ940Q series 
mpA950 series 


Miniature Integral Diodes Assemblies ( MIDA ) are low-current rectifier cir - 
cuit configurations designed with a high output-current/size ratio for applica- 
tions where space is at a premium. 


.112 NOM 


OUTLINE 1 OUTLINE 2 


POLARITY DOTS: R; RED-POS. OUT 
W: WHITE-NEG. OUT 
ELECTRICAL CHARACTERISTICS (All Types) Y; YELLOW-AC IN 


(At 25°C ambient temperature unless otherwise indicated) 


Maximum Forward Voltage Drop 
(Per Cell,) 
(500 mAdc) 


Peak Recurrent Forward Current Amps 
(Full Wave, 60 cps) 

Peak One Cycle Surge Current Amps 
(Full Wave, 60 cps) 


Maximum Reverse Current @ 
Rated DC Voltage* 25°C 
100°C 


Operating and Storage 
Temperature Range 


Typical Thermal Resistance 


*2 cells in parallel - MDA920 series 
1 cell - MDA930. MDA940, and MDA950 series 


and -50 to +175 C 
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Silicon Rectifiers and Assemblies 


MINIATURE DIODE ASSEMBLIES (continued) 


Circuit Diagram and 
Terminal Identification 


” SINGLE PHASE 
FULL WAVE BRIDGE 


Peak Reverse 
Voltage per Cell 


Motorola 


Max. DC 
Output Current 
Type No. At 75°C 


Amps 


MDA920-1 
MDA920-2 
MDA920-3 
MDA920-4 
MDA920-5 
MDA920-6 
MDA920-7 


SCO0D0000 


bed pe ped pk ph ped pwd 


SINGLE PHASE 
VOLTAGE DOUBLER 


YELLOW 
AC 


MDA930-1 
M DA930-2 


MDA930-3 
MDA930-4 
MDA930-5 
MDA930-6 
MDA930-7 


SINGLE PHASE CENTER TAP 
COMMON ANODE 


AC 
YELLOW 
WHITE 


COMMON 
CATHODE 


MDA940-1 
MDA940-2 
MDA940-3 
MDA940- 


MDA940- 
MDA940- 
MDA940-7 


COMMON 
ANODE 


MDA950-1 
MDA950-2 
MDA950-3 
MDA950-4 
MDA950-5 
MDA950-6 
MDA950-7 


YELLOW 
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—— Silicon Rectifiers and Assemblies 


MINIATURE DIODE ASSEMBLIES (continued) 


MAXIMUM ALLOWABLE SURGE CURRENT 
(ALL TYPES) 


PEAK FULL WAVE FORWARD CURRENT (AMPERES) 


CYCLES AT 60 CPS 


MAXIMUM ALLOWABLE DC OUTPUT CURRENT 
(ALL TYPES) 


1-, FORWARD CURRENT (AMPERES) 


T,, AMBIENT TEMPERATURE (°C) 
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Silicon Rectifiers and Assemblies 


RECTIFIER BRIDGES IN MOLDED ASSEMBLIES 
Single Phase Full Wave Bridge “= 


mMDA942 series (1.5 AMPS DC) 
MDA952 SERIES (6 AMPS DC) 
MDA962 SERIES (10 AMPS DC) MDAg52 
MDA1491 series (1.5 AMPS DC) 
MDA1591 series (4 AMPS DC) 


MDA962 


Three Phase Full Wave Bridge | ig ma 
mMDAI505 series (8 AMPS DC) Mopars} ~ MDA1505 


Hermetically sealed individual rectifier cells interconnected as single-phase 
and three-phase bridge rectifiers and encapsulated in molded plastic cases. 


ABSOLUTE MAXIMUM RATINGS at 25°C ambient unless otherwise noted) 


DC OUTPUT 


Res, | Cap. 

VOLTAGE | Load] Load 

TYPE NO. Volts | Volts 
50 


0. 
30 
62 

124 

185 


250 
380 


SASS SS) Pee ee 


1. 
i; 
1, 
1. 
1: 
i. 
4, 
4, 
4. 
4, 
4, 
4, 
8. 
8. 
8. 
8. 
8. 
8. 


Maximum Operating and Storage Temperature: -65°C to + 150°C (All Types) 
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— — Silicon Rectifiers and Assemblies 


RECTIFIER BRIDGES (continued) 


ELECTRICAL CHARACTERISTICS (at 25° ambient) 


Max. Fwd. Voltage Drop V 
Per Cell, = 0. 75 Adc) 


Rating 


Vdc 


MDA 942 
1.5 Amp Series Max, Reverse Current Per 


Cell(V, = Rated PRV) 


° _ 
oO ° 
ry 


Vdc 


< 


-_ 


Max, Fwd. Voltage Drop 
Per Cell Q, = 3.0 Adc) 


MDA 952 


6. 0 Amp Series Max, Reverse Current Per mAdc 


Cell (V R= Rated PRV) 
Max, Fwd, Voltage Drop Vr 
Per Cell G, = 5,0 Adc) 

Max, Reverse Current Per 
Cell (V R= Rated PRV) | 


Max. Fwd. Voltage Drop V 
Per Cell (, = 0.75 Adc) 


Max, Reverse Current Per 
Cell (V R= Rated PRV) 


Max. Fwd. Voltage Drop Vv 
Per Cell a, = 4, 0 Adc) 


} 
Qa. 
Q 


MDA 962 
10. 0 Amp Series 


F Vdc 


MDA 1491 
1.5 Amp Series 


F 


re 
: 
> 
2. 
Q 


MDA 1505 
4. 0 Amp Series Max, Reverse Current Per 


Cell (Vp = Rated PRV ) 


Max, Fwd. Voltage Drop VF 
Per Cell (I, = 2,0 Adc) 


MDA 1591 
8.0 Amp Series: Max. Reverse Current Per 


Cell (V R= Rated PRV) 


MAXIMUM ALLOWABLE FULL WAVE SURGE CURRENT MAXIMUM ALLOWABLE D-C OUTPUT 
AT RATED LOAD CONDITIONS (RESISTIVE OR INDUCTIVE LOAD) 
100: 


~J 
wn 


50 


PERCENTAGE OF PEAK, FULL WAVE, 
ONE CYCLE SURGE CURRENT 


25 


6 8 10 20 4 
CYCLES AT 60 CPS T, AMBIENT TEMPERATURE (°C) 


60 80 100 
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Silicon Rectifiers and Assemblies 


RECTIFIER BRIDGES (continued) 


MDA942 as J 1 " i | 
MAX aie on 
0.140 DIA 
C.B. 0.250 x 0.125 
2 PLACES 
MDA952 0.813 


0.140 MIN DIA 
4 PLACES 


0.140 DIA 
C.B. 0.250 x 0.125 
2 PLACES 
1.115 
MDA962 
0.140 MIN DIA 
4 PLACES 
0.843 
[ire | 
1.265 
[ MAX 
MDA1491 
| 1.264 
(REF) 
0.843 
ia (REF) | 
1.265 
MAX 
MDA 1591 | 
& 1.264 
(REF) 
1.50 
0.140 DIA. MAX 
C.B. 0.250 x 0,125 0.557 
2 PLACES 
0.870 
Ls 


MDA 1505 


0.140 MIN DIA 
5 PLACES 


Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 


mpal330H 
mpA1331H 
mva1332H 
mpA1333H 


lo — to 2.5 AMPS 
Vamirep) = 5000 and 10,000 VOLTS 


Compensated series-connected rectifier cells for high-voltage single-phase, 
half-wave circuit applications. Each cell in the series string is shunted by a 
high-voltage capacitor and resistor for equal voltage distribution. 


MAXIMUM RATINGS | 


ge) 
RMS Reverse Voltage ©) 
(Rated Current Over the Complete Operating v.. 
Temperature Range) 
DC Blocking Voltage Vv. 
(Over Operating Temperature Range) R 


Average Half Wave Rectified Forward Current 
(Resistive Load, 180° Conduction Angle, 
60cps, Free Convection Cooling) e. = 40°C 


CS 
nso sm | | 


T "e 100°C 
Peak 1 Cycle Surge Current 
(T "es 40°C, Superimposed on Rated 
Current at Rated Voltage) 
06 to 400 ————— oe 


o) VRM(rep) ratings of 5,000 or 10,000 volts peakare both the maximum repetitive 
and non-repetitive ratings.‘Where voltage transient suppresion is employed, 
these assemblies can be reliably operated at the maximum ratings. 


@) The DC Blocking Voltage rating (Vp), is established by the continuous power 
dissipation ratings of the shunting resistors and is not a function of the series 


rectifiers. 


ELECTRICAL CHARACTERISTICS 


Maximum Full-Cycle Average Forward Voltage Drop 
(Half-Wave, Resistive Load, Rated Current and 
Voltage, T 740°C) 


Maximum Full-Cycle Average Reverse Current 
(Half-Wave, Resistive Load, Rated Current and 


Voltage, T,=40°C) 


Note: Ambient temperatures are measured at the cold air source point i.e. imme- 
diately below the rectifier legs under convection cooling and on the cool air 
side with forced air cooling. 
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Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS (continued) 


ELECTRICAL DESIGN NOTES 


1. For single-phase full-wave circuits using "Series 1300" stacks, multiply 
the current ratings given for the half-wave by two. 

2. For three-phase full-wave and half-wave circuits, multiply given current 
ratings for single-phase half-wave by two and one half. 

3. For capacitive loads, sufficient surge and capacitor inrush current pro- 
tection must be employed. Recurrent peak currents up to six times the single- 
phase average output current ratings can be safely sustained when the average 
value of these peaks are held at or below the rated average output. Non- 
repetitive peak currents must be held to the maximum surge ratings. 


TYPICAL FORWARD CHARACTERISTICS 
(Ts = 25°C) 


{ETT ETT ETT TTT 
Se ee ee 
PLE TT ETT) g CET 

ERE. 7 


80 


~ 
o 


3.0 


b<2) 
C—] 


— te OO es I 


a 

CCC 
Sann/2nn/0 
COCOA AT 


0 2 4 6 8 2 4 
Vp, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


10 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 
Lid 
oe 


tT ty 


ip, INSTANTANEOUS FORWARD CURRENT (AMPS) 


6 8618 


| tl 
LITT TT 
EERE EERE 
EERVeETEe 


CO 


t 6 18 
Vg, INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 


Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS (continued) 


MAXIMUM SURGE CURRENT 
RATED CONDITIONS 


MDA1330H and MDA1331H - MDA1332H and MDA1333H 


Ira .uege), SUPERIMPOSED PEAK FORWARD CURRENT (AMPS) 
Iraa feerge)» SUPERIMPOSED PEAK FORWARD CURRENT (AMPS) 


1 2 4 6 810 2 4 60 80100 1 2 4 6 810 2 40 60 80100 
CYCLES AT 60 CPS CYCLES AT 60 CPS 
MAXIMUM AVERAGE HALF-WAVE RECTIFIED CURRENT 

(RESISTIVE OR INDUCTIVE LOAD, 180° CONDUCTION ANGLE, 60 CPS) 


MDA1330H and MDA1331H MDA1332H and MDA1333H 
6 


lo, AVERAGE CURRENT (AMPS) 
lo, AVERAGE CURRENT LAMPS) 


Ta, AMBIENT TEMPERATURE (°C) Ta, AMBIENT TEMPERATURE (°C) 
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MECHANICAL DESIGN INFORMATION AND OUTLINE DI- 
MENSIONS FOR THE BASIC MDA1330H AND MDA1331H 
RECTIFIER LEGS. 


zi ipa 0.50 KOM 


MILLED TERMINAL SLOTS 
0.046 WIDE, 0.172 DEEP 


1.25 MAX 1.35 
MAX 


POLARITY DOTS: RED=-+-DC OUTPUT 


jam ei 
MDA1330H 3. 7040. 05 3, 25max|3. OOnom 
MDA1331H 6. 3920, 05 6. 00max|s. 25n0m 


NOTES: These basic rectifier legs are suitable for chassis 
mounting and connection into multiple leg circuits. Center 
tapped versions of the MDA1330H and MDA1331H are 
also available for use in lower voltage, Center tapped and 
Voltage Doubler applications. The center tapped versions 
of the MDA1330H and MDA1331H are designated by a 
different suffix letter as follows: instead of “H" specify 
“C” for common cathode, center tap 

“U” for common anode, center tap 


“D” for voltage doubler. 
1¢ TOP VIEW 


ms 
& 


5 eo 
id hd 
= 2116 


13 MAX 
1¢ AND 3¢ SIDE VIEW 
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Silicon Rectifiers and Assemblies 


MECHANICAL DESIGN INFORMATION AND OUTLINE BI. 
MENSIONS FOR THE BASIC MDA1332H AND MDA1333H 
RECTIFIER LEGS. 


5/8 NOM 


MOUNTING BARS, 
SEE NOTE 1 


OFFSET MOUNTING 
TABS, SEF NOTE 2 


0.260 
(4) 0275 HOLES 


aes aapeaien INSERTS 


1-1/2 MIN 
BOTH ENDS 1 NOM 


| bevice | Adm =| Bom | com | 
MDA1332H | 5-5/8 nom |3-5/1641/16| 1-1/8 nom 
MDA1333H |11-1/4 nom 6-5/8+1/16 | 2-3/8 nom 


NOTE 1. Insulated mounting bars are supplied with all 
Motorola Series 1300 stacks and the single unit bar is 
shown above. For multiple leg circuits, mounting bars are 
available in lengths suitable for 2 or 3 legs mounted side 
by side. In addition, the mounting arrangement used is also 
suitable for mounting legs top and bottom on the same bar 
with stand-offs employed for support of the assembly. 


NOTE 2. Offset mounting taps are used to provide more 
compact multiple leg assemblies. When top & bottom or 
side by side mounting is employed, reverse polarity legs 
are often required in some circuits. Legs of reverse polarity 
to that shown above are designated by an “R” suffix, i.e. 
MDA1332HR. 


3 BR TOP VIEW 


Silicon Rectifiers and Assemblies 


HIGH VOLTAGE SILICON RECTIFIERS MOLDED ASSEMBLIES 


1N1730 thru 1n1734 lo — 0 6,000 VOLTS 
1N2382 thru 1N2385 
/ 


Standard single-phase, half-wave, high - voltage 
silicon rectifier assemblies 


ELECTRICAL SPECIFICATIONS (covering all devices in the table below) 


Max. DC Reverse Current 
@ Late Peak Reverse Voltage 25°C 110A 


100°C 100 yA 


Max. Surge Current 2.5A 
(8 nsec) 


Operating Temperature -55°C to +150°C 
BEE 


Avg. Rectified Max. DC 
Fwd. Fwd. Case Lead 
V Current -mA |Max.RMS | Voltage Dimensions Dimensions 


Rectifier RM @100mA 
Types (rep) @25°C |@100°C | Voltage | dc @ 25°C 


1N1730 
1N1731 
1N1732 
1N1733 
1N1734 
1N2382 
1N2383 
1N2384 
1N2385 


ouannoooau 
ee 


In addition to these standard assemblies, a wide variety of custom assemblies 
is available. For more information, request the brochure ‘Motorola Molded 
Diode Assemblies." 
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MOTOROLA 
SILICON a RECTIFIERS 
GATE CONTROLLED SWITCHES 
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e For case outline dimensions, see page 1-26. 


SILICON CONTROLLED RECTIFIERS & GATE CONTROLLED SWITCHES 


The Motorola line of silicon controlled rectifiers is available with current 
ratings from 1.6 to 25 amps RMS and.1000 amps pulse. The gate controlled 
switch line is rated at 5 amps. 


DEVICES IN THIS SECTION 


Motorola Gate 
Controlled 
Motorola Silicon Controlled Rectifiers Switches 


2N681 
2N682 
2N683 
2N684 
2N685 


2N686 
2N687 
2N688 
2N689 
2N1595 


2N1596 
2N 1597 
2N1598 
2N1599 


2N 1842 
2N1842A 


2N 1843 
2N1843A 
2N 1844 
2N1844A 
2N1845 


2N1845A 
2N 1846 
2N1846A 
2N1847 
2N1847A 


2N1848 
2N1848A 
2N1849 
2N1849A 
2N1850 


2N1850A 


2N2573 
2N2574 
2N2575 
2N2576 
2N2577 


2N2578 
2N2579 
MCR649 Series 
MCR729 Series 
MCR808 Series 


MCR808R Series 
MCR846 Series 
MCR914 Series 
MCR1304 Series 
MCR1304R Series 
MCR1305 Series 


MCR1305R Series 
MCR1308 Series 
MCR1308R Series 
MCR1604 Series 
MCR1604R Series 


MCR1605 Series 
MCR1605R Series 
MCR1718 Series 
MCR1907 Series 
MCR2304 Series 
MCR2304R Series 
MCR2305 Series 
MCR2305R Series 
MCR2604 Series 
MCR2604R Series 
MCR2605 Series 
MCR2605R Series 


MGS821 Series 
MGS924 Series 
MGS925 Series 


SILICON GATE CONTROLLED SWITCHES 


The gate controlled switch is a PNPN semiconductor device that can be used 
as a bistable latching switch under complete control of the gate signal. The 
gate controlled switch is turned on by a positive gate signal and turned off with 
a negative gate signal. 
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SCR SYMBOLS AND DEFINITIONS 


GATE le *LEGEND EXAMPLE 
ANODE | | VOLTAGE 

GATE OPEN 

- + / 

Vv; @ |, Vom 

CATHODE \ N 
MAXIMUM 
FORWARD 


Q 
Vrom lp 


FORWARD VOLTAGE APPLICATION RATE (V/usec) - A rate of applied voltage in excess of 
this value may cause premature, nondestructive breakover. 


FORWARD CURRENT - The RMS value of forward current during the "on" state. RMS value is 
the same for all conduction angles. 


AVERAGE FORWARD CURRENT - The full cycle average forward current for specified con- 
ditions of case temperature and conduction angle. 


PEAK FORWARD CURRENT, "ON" STATE - The peak current through the collector junction for 
a positive anode-to-cathode voltage. 


PEAK ONE-CYCLE SURGE FORWARD CURRENT - The maximum forward current having a 
single forward cycle (8,3 milliseconds duration) in a 60 cps single-phase resistive load system. 
The surge may be preceded and followed by maximum rated voltage, current, and junction tem- 
perature conditions, and maximum allowable gate power may be concurrently dissipated. How- 
ever, limitations on anode current during turn-on should not be exceeded. 


PEAK FORWARD BLOCKING CURRENT, GATE OPEN - The peak current through the collector 
junction when the SCR is in the "off" state for a stated anode-to-cathode voltage and junction 
temperature, 


GATE TRIGGER CURRENT, DC - The minimum DC gate current required to cause switching 
from the "off" state to the "on" state for a stated anode-to-cathode voltage. 


HOLDING CURRENT, GATE OPEN - That value of forward anode current below which the con- 
trolled rectifier switches from the conducting state to the forward blocking condition. 


HOLDING CURRENT, GATE CONNECTED -That value of forward anode current below which the 
controlled rectifier switches from the conducting state to the forward blocking condition with the 
gate terminal returned to the cathode terminal thru specified impedance and/or voltage. 


PEAK REVERSE BLOCKING CURRENT, GATE OPEN - The peak current through the collector 
junction when the SCR is in the reverse blocking state for a stated anode -to-cathode voltage and 
junction temperature. 


(FOR CIRCUIT FUSING CONSIDERATIONS) - A measure of the maximum non-recurrent RMS 
forward current capacity for pulse durations less than 8,3 milliseconds. I is in RMS amperes, 
and t is pulse duration in seconds. The same conditions as listed for Tom (surge) apply. 


AVERAGE GATE POWER DISSIPATION - The value of maximum gate power dissipation averaged 
over a full cycle permitted between gate and cathode. 


PEAK GATE POWER DISSIPATION - The maximum instantaneous value of gate power dissipation 
permitted between gate and cathode. 


LOAD RESISTOR 

CASE TEMPERATURE 
JUNCTION TEMPERATURE 
STORAGE TEMPERATURE 


SCR SYMBOLS AND DEFINITIONS (continued) 


ton 


VRoM (rep) 


9IC 


TURN-ON TIME - The time interval between initiation of the gate current signal and reduction 
of the forward voltage to 10% of the blocking value during switching to conduction under stated 
conditions. 


TURN-OFF TIME - The time interval required for the gate to regain control of forward blocking 
characteristic after interruption of forward anode current. 


PEAK "ON" VOLTAGE - The peak forward voltage for a stated peak forward current when the 
SCR is in the "on" state. 


PEAK FORWARD BLOCKING VOLTAGE, GATE OPEN - The peak forward voltage when the SCR 
is in the "off" state. 


PEAK FORWARD GATE VOLTAGE - The peak voltage between the gate terminal and the cathode 
terminal resulting from the flow of forward gate current. 


PEAK .REVERSE GATE VOLTAGE - The peak voltage between the gate terminal and the cathode 
terminal when the junction between the gate region and the adjacent cathode region is reverse 
biased. 


GATE TRIGGER VOLTAGE, DC - The DC voltage between the gate and the cathode required to 
produce the DC gate trigger current. 
PEAK REVERSE VOLTAGE, GATE OPEN - The maximum allowable instantaneous value of re- 


verse voltage (repetitive or continuous DC) which can be applied to the device with the gate open 
at rated temperature. 


THERMAL RESISTANCE, JUNCTION-TO-CASE - The temperature rise per unit power dissipa- 
tion of a designated junction above the temperature of the case under conditions of thermal 
equilibrium. 


SIMPLIFIED SCR QUICK SELECTION GUIDE 


To MAXIMUM ALLOWABLE 
’ 
CASE TEMPERATURE (°C) 


AVERAGE FORWARD CURRENT vs. CASE TEMPERATURE 


*RATINGS FOR THE MCR2305, MCR2604 AND MCR2605 
SERIES AND ALL REVERSE POLARITY VARIATIONS 
OF THE STEEL CAN VARY SLIGHTLY ACCORDING 
TO PACKAGE. FOR EXACT DETAILS, SEE THE 


MCR2304 SERIES 
MCR2305 SERIES* 


MCR2604 SERIES* Aa --MCR1308 on 
MCR2605 SERIES * [SERIES 
aniea sers—P>~ {|| | | 


I(ay), AVERAGE FORWARD CURRENT (AMPS) 
? A 
(180° CONDUCTION ANGLE, 60 cps, HALF SINE WAVE) 
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ECONOMY LINE SCR’S 


Tem (surge) 
Peak Surge 
Current 

1 Cycle es 
HO 
Type mA 


MCR1304, R Series See MCR2304, R Series for Electrical Specifications 

MCR 2304- 1 100 100 25 20 10 
MCR 2304R-1 100 80 

MCR 2304-2 100 100 

MCR 2304R-2 100 
MCR 2304-3 100 
MCR2304R-3 100 
MCR2304-4 100 
MCR2304R-4 100 
MCR2304-5 100 
MCR 2304R-5 100 
MCR2304-6 100 
MCR 2304R-6 100 


MCR1305, R Series See MCR2305, R Series for Electrical Specifications 
MCR2305-1 100 
MCR2305R-1 100 
MCR 2305-2 100 
MCR 2305R-2 100 
MCR 2305-3 100 
MCR 2305R-3 100 
MCR 2305-4 100 
MCR 2305R-4 100 
MCR2305-5 100 
MCR 2305R-5 100 
MCR 2305-6 100 
MCR 2305R-6 100 


COCO OHO 0H CO WO OO C 


MCR1604, R Series See MCR2604, R Series for Electrical Specifications 
25 


MCR 2604-1 100 
MCR 2604R-1 100 
MCR 2604-2 100 
MCR 2604R-2 100 
MCR 2604-3 100 
MCR 2604R-3 100 
MCR 2604-4 100 
MCR 2604R-4 100 
MCR 2604-5 100 
MCR 2604R-5 100 
MCR 2604-6 100 
MCR 2604R-6 100 


100 
80 
100 
80 
100 
80 
100 
80 
100 
80 
100 
80 


-MCRI1605, R Series See MCR2605, R Series for Electrical pee 
MCR 2605- 1 100 100 25 20 
MCR 2605R-1 100 80 25 20 
MCR 2605-2 100 100 50 20 
MCR 2605R-2 100 80 50 20 
MCR 2605-3 100 100 100 20 
MCR‘2605R-3 100 80 100 20 
MCR 2605-4 100 100 200 20 
MCR 2605R-4 100 80 200 20 
MCR 2605-5 100 100 300 20 . 
MCR,2605R-5 100 80 300 20 
MCR 2605-6 100 100 400 20 
MCR 2605R-6 100 80 400 20 


CW MWMOMMDMDMDDODO” 


(o-oo M=-M~-M-- > -~-M--M--E--i---- a 


ECONOMY LINE SCR’S (continued) 


I FM (surge) 


Peak Surge 
Current 
1 Cycle 


MCR 808-1 
MCR 808R-1 
MCR. 808-2 
MCR 808R-2 
MCR 808-3 
MCR 808R-3 
MCR 808-4 
MCR 808R-4 
MCR 808-5 
MCR 808R-5 
MGR 808-6 
MCR 808R-6 


MCR1308-1 
MCR1308R-1 
MCR1308-2 
MCR1308R-2 
MCR1308-3 
MCR1308R-3 
MCR1308-4 
MCR1308R-4 
MCR1308-5 
MCR1308R-5 
MCR1308-6 
MCR1308R-6 


SCR’S FOR PULSE MODULATOR APPLICATIONS 


MCR 729-5 7/16 in. 
MCR 1729-6 
MCR 1729-7 Stud- Mounted 


MCR 729-8 Case 
_MCR 729-9 
MCR 729-10 


MCR1718-5 
MCR1718-6 
MCR1718-7 
MCR1718-8 


@ Characterized for unilateral applications where reverse blocking capability is not important. 
Higher VR ROM rated devices available on request 


@ Minimum value 


@ Typical value 


INDUSTRIAL SILICON CONTROLLED RECTIFIERS 


Tem (surge) 
max | | [Peaksuee Mass 
cena f 1/2 Cycle Tee Typical 
Type j RMS @60 cps T tio 
Number eC A mA mA Case 
2N1595 125 1.6 15 50 10 3) TO-5 
2N 1596 125 1.6 15 100 10 5 TO-5 
2N1597 125 1.6 15 200 10 5 TO-5 
2N1598 125 1.6 15 300 10 5 TO-5 
2N1599 125 1.6 15 400 10 5 TO-5 
MCR 914-1 
MCR 914-2 
MCR 914-3 ——_—____—. See 2N1595 Series — 
MCR 914-4 
MCR 914-5 
MCR 914-6 
MCR 846-1 105 2 30 25 50 25 7/16 in 
MCR 846-2 105 2 30 50 50 25 Stud- Mounted 
MCR 846-3 105 2 30 100 50 25 Case 
MCR 846-4 105 2 30 200 50 25 
2N 1842 100 16 125 25 80 15 TO-48 
2N1842A 125 16 125 25 80 15 TO-48 
2N 1843 100 16 125 50 80 15 TO-48 
2N1843A 125 16 125 50 80 15 TO-48 
2N 1844 100 16 125 100 80 15 TO-48 
2N1844A 125 16 125 100 80 15 TO-48 
2N1845 100 16 125 150 80 15 TO-48 
2N1845A 125 16 125 150 80 15 TO-48 
2N 1846 100 16 125 200 80 15 TO-48 
2N1846A 125 16 125 200 80 15 TO-48 
2N 1847 100 16 125 250 80 15 TO-48 
2N1847A 125 16 125 250 80 15 TO-48 
2N 1848 100 16 125 300 80 15 TO-48 
2N1848A 125 16 125 300 80 15 TO-48 
2N 1849 100 16 125 400 80 15 TO-48 
2N1849A 125 16. 125 400 80 15 TO-48 
2N1850 100 16 125 500 80 15 TO-48 
2N1850A 125 16 125 500 80 15 TO-48 
MCR 649-1 100 20 260 25 80 15 TO-41 
MCR 649-2 100 20 260 50 80 15 TO-41 
MCR 649-3 100 20 260 100 80 15 TO-41 
MCR 649-4 100 20 260 200 80 15 TO-41 
MCR 649-5 100 20 260 300 80 15 TO-41 
MCR 649-6 100 20 260 400 80 15 TO-41 
MCR 649-7 100 20 260 500 _ . 80 15 TO-41 
MCR1907-1* 125 25 150 25 30 15 TO-48 
MCR1907-2* 125 25 150 50 30 15 TO-48 
MCR1907-3* 125 25 150 100 30 15 TO-48 
MCR1907-4* 125 25 150 200 30 15 TO-48 
MCR1907-5* 125 25 150 . 300 30 15 TO-48 
MCR1907-6* 125 25 150 400 30 15 TO-48 
2N 681 125 25 150 25 25 15 TO-48 
2N 682 125 25 150 50 25 15 TO-48 
2N 683 125 25 150 100 25 15 TO-48 
2N 684 125 25 150 150 25 15 TO-48 
2N 685 125 25 150 200 25 15 TO-48 
2N 686 125 25 150 250 25 15 TO-48 
2N 687 125 25 150 300 25 15 TO-48 
2N 688 125 25 150 400 25 15 TO-48 
2N 689 125 25 150 500 25 15 TO-48 
2N2573 125. 25 260 { 25 40 15 TO-41 
2N2574 125 25 261. 50 40 15 TO-41 
2N2575 125 25 26 100 40 15 TO-41 
2N2576 125 25 26u 200 40 15 TO-41 
2N2577 125 25 26 ‘00 40 15 TO-41 
2N2578 125 25 260 490 40 15 TO-41 
2N2579 125 25 260 500 40 15 TO-41 


* Fast Turn Off at SCR 
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Moforola Silicon Controlled Rectifiers 


2n681 thru 2N689 Ue ae eney 


Industrial-type, silicon controlled rectifiers ina stud 
package with current handling capability to25 amperes 
at junction temperatures up to 125°C. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS (T, = 125°C unless otherwise noted) 


Characteristic 


Peak Reverse Voltage* f 


Peak Reverse Voltage* VROM 
Transient (non-rep) 
(non-recurrent 
5 msec max. duration) 


Forward Current RMS 
(All Conduction Angles) 


Peak Surge Current (one cycle, 60 cps) I 


Circuit Fusing Considerations 
(T, = -65 to +125°C; $8.3 msec) I't 


Peak Gate Power 


2 


Average Gate Power 
Peak Gate Current 


Peak Gate Voltage 
Forward 
Reverse 


Operating Temperature I -65 to +125 
Storage Temperature -65 to +150 
Stud Torque 30 


t Vrom for all types can be applied on a continuous DC basis without incurring damage. 
. VROM (rep) ratings apply for zero or negative gate voltage. 


Motorola Silicon Controlled Rectifiers 


2N681 thru 2N689 (continued) 


ELECTRICAL CHARACTERISTICS (T, = 125°C unless otherwise noted) 
Characteristic Symtol = Min. = Typ Max Unit 


Forward Breakover Voltage 
2N681 
2N682 
2N683 
2N684 
2N685 
2N686 
- 2N687 
2N688 
2N689 


Forward or Reverse Leakage Current (Full Cycle Ave. ) 


2N681-2N684 | | = -«-2- 
2N685 te 
2N686 fl 
2N687 fc 
2N688-— Fl 
2N689 lene 


Forward Voltage Drop 
(16 A Full Cycle Average, 180° Conduction Angle) fF * wooo 


Gate Trigger Current (Continuous DC) a ee 


Gate Trigger Voltage (Continuous DC) 


Holding Current ~ 


Switching Time 
(depends on circuit - consult 
manufacturer for further information) 


Forward Voltage Application Rate j= = = | @vy/dt acne 
Thermal Resistance (Junction to Stud) 935 teen 10 2.0 °C/w 


MAXIMUM ALLOWABLE GATE TRIGGER CHARACTERISTICS FORWARD CHARACTERISTICS-CONDUCTING STATE 


2.0 Pa 
MAXIMUM ALLOWABLE GATE POWER 2 
3 VOLTS MINIMUM a 

GATE VOLTAGE Fess WATTS i 
1.0=4 | REQUIRED TO FIRE | = 
ALL UNITS = 
_ ~ . | 
4] 0.5 Ws | 4S AFIRING CIRCUIT DESIGN CRITERIA Fa 

& =.5 8 ALL UNITS WILL FIRE AT ANY VOLTAGE « = 

a. 4ze 4 AND CURRENT WITHIN THIS AREA s A= 

=< 0.2 see S | ae 

= =F OF 40mA MINIMUM & —— 

Soi. | 22 | GATE CURRENT REQUIRED = 2 SE 
cz 0. z= & l TO FIRE ALL UNITS & 
> ate | °6 — 25mA 2 
© 05 4 = ut L  S5°C — BOmA 2 
a — eee wee ee ee ee ee ee So 
< tas 
oO = 
3 MAXIMUM ALLOWABLE < 
~ 02-7 | © TvricaL reiaceR Pom GATE VOLTAGE 10 VOLTS (FWD) = 
_— 
” 

0001 += = 0. 
0 1 2 3 4 5 6 7 8 9 10 0.0 0.5 1.0 15 2.0 2.5 
Ve, GATE VOLTAGE (VOLTS) 1,=25°C—ANODE @ 6 VOLTS INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


STUD TEMPERATURE versus CURRENT SUGGESTED FIN SIZES 


RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
FREE CONVECTION COOLING 
CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 


FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES BY FOLLOWING FACTORS: 


Te P| INDUCTIVE LOAD, 50 TO 400 CPS 


a8 me! | DC, 14, 3¢, 64, CIRCUIT-RESISTIVE OR L\ 
U 


110 B\“SN 0°] ago 
TANASE ee. 
JLCNNS 
EERANN 


USE CURVES FOR DC, 10, 39, 6¢ 
CIRCUITS BY CHOOSING PROPER 
CONDUCTION ANGLE FACTOR 


70 


AVERAGE FORWARD CURRENT (AMPERES) 


Ts, MAXIMUM ALLOWABLE STUD TEMPERATURE (°C) 


0 2 4 6 8 10 12 14 16 18 20 22 24 26 0 20 40 60 80 100 120 140 160 180 200 
AVERAGE FORWARD CURRENT (AMPERES) Ta, AMBIENT TEMPERATURE (°C) 
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Motorola Silicon Controlled Rectifiers 


I; = 1.6 A RMS 
ani 595 thru onl 599 Viow = 50-400 V 


Industrial-type, low-current silicon controlled recti- 
fiers in a three-lead package ideal for printed-circuit 
applications. Current handling capability of 1.6 am- 
peres at junction temperatures up to 125°C. 


CASE 32 
(TO-5) 


MAXIMUM RATINGS (Ts = 125°C unless otherwise noted ) 


Characteristic 


Peak Reverse Blocking Voltage* VROM(rep)* 
2N1595 
2N1596 
2N1597 
2N1598 
2N1599 


Peak Forward Blocking Voltage * 

(Roc = 1000 ohms) 2N1595 
2N1596 
2N1597 
2N1598 
2N1599 


Forward Current RMS ly 
(All Conduction Angles) 


Peak Surge Current IFm(surge) 
(One Cycle, 60 cps, 
Ty = 65 to +125°C) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 


Peak Gate Voltage - Forward 10 
Reverse Vv 10 


Operating Temperature Range -65 to +125 


Storage Temperature Range -65 to +150 


*JEDEC Registered Values 
**Vnom © Vrom for all types can be applied on a continuous DC basis without 
incurring damage. 


2N1595 thru 2N1599 (continued) 


Motorola Silicon Controlled Rectifiers 


ELECTRICAL CHARACTERISTICS (Ts = 25°C untess otherwise noted, Rac = 1000 ohms) 


Characteristics 
Peak Reverse a Current 
(@ rated Vago, Ty = 125 C) 


Peak Forward Blocking Current 
@ rated Vpoy, Ty = 125°C) 


Forward On Voltage 
(Ip =] Adc) 


Gate Trigger Current 
(Anode Voltage = 7 V, Ry, = 122) 


Gate Trigger Voltage 
(Anode Voltage = 7 V, Ry, = 122) 


(Anode Voltage = 7V,Ry;,= 122, Ty = 125°C) 


Holding Current 
(Anode Voltage = 7 V) 


Turn-on Time 
(igor = 10 mA, Ip = 
F = 


Turn-off Time 


(Ip= 1A, Ig = 1A, dv/dt = 20 V/ usec, Ty = 125°C) 


*JEDEC Registered Values 


MAXIMUM ALLOWABLE 
leu = 100mA = GATE TRIGGER CHARACTERISTICS 


MAXIMUM ALLOWABLE GATE POWER 
Pem :: 100 mW 


3.0 VOLTS 
GATE VOLTAGE 
REQUIRED TO 
FIRE ALL UNITS Ste ay pe eee 


! 
TYPICAL TRIGGER POINT DESIGN CRITERIA ALL UNITS 
® WILL FIRE AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 


10 mA ane CURRENT REQUIRED 
TO FIRE ALL UNITS 

Cc — 5 mA) 
(— 65°C — 15 mA) 


MAXIMUM ALLOWABLE 


Ig, GATE CURRENT (mA) 
eo Oo FN HO wy 
mM wmMoooaoose 


05 GATE VOLTAGE 
02 
001 
0 1 2 3 4 5 6 7 8 9 10 


Ve,GATE VOLTAGE (VOLTS) 
(T, = 25°C, ANODE @ 12 VOLTS) 


CASE TEMPERATURE versus CURRENT 


RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
(2) CASE TEMPERATURE MEASURED AT CENTER OF BOTTOM OF CASEN] 
(3) 125°C JUNCTION TEMPERATURE 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


0 0.2 0.4 0.6 0.8 1.0 1.2 14 1.6 
Ie¢avj, AVERAGE FORWARD CURRENT (AMPS) 


ig, INSTANTANEOUS FORWARD CURRENT (AMPS) 


T,, MAXIMUM ALLOWABLE AMBIENT TEMPERATURE (°C) 


On 
_ 
i) 


V,, INSTANTANEQUS FORWARD VOLTAGE DROP (VOLTS) 


Symbol Min Typ Max Unit 


Hott 


—- 


ma 
NOTE: VOLTAGE DROP MEASURED 
Y2 INCH FROM BOTTOM OF CASE 


SUNCTION TEMPERA TEMPERATU 


RE 


— a — 125°C 


25 


1.0 2.0 3.0 4.0 


°C 


AMBIENT TEMPERATURE versus CURRENT 


(1) BC, 14, 36, 6, CIRCUIT — RESISTIVE OR 


INDUCTIVE LOAD, 50 TO 400 CPS 
(2) 125°C JUNCTION TEMPERATURE 


\ 


0.2 0.3 0.4 0.5 
Issavp, AVERAGE FORWARD CURRENT (AMPS) 


0.6 


5.0 


0.7 


Motorola Silicon Controlled Rectifiers 


onl 842 thru onl 850 I; = 16 A RMS 
Q) 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers ina stud 
package with current handling capability to16 amperes 
CASE 64 at junction temperatures up to 100°C. 
(TO-48) 


MAXIMUM RATINGS (T; = 100°C unless otherwise noted) 


Characteristic 


Peak Reverse Blocking Voltage** 
2N1842 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


VROM(rep)** 


Peak Reverse Voltage VROM(non- rep) 
Transient 2N1842 
(non-recurrent 2N1843 
5 msec max. 2N1844 
duration) 2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


Forward Current RMS I 
(All Conduction Angles) 


Peak Forward Surge Current Irm(surge) 
(One cycle, 60 cps) 
(Ty = -40 to +100°C) 


Circuit Fusing Considerations 
(Ty = -40 to+100°C;=8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 
Peak Gate Voltage 
Forward 10 


Reverse 5 


Operating Temperature Range -40 to +100 


Storage Temperature Range -40 to +125 


Stud Torque 30 


* JEDEC - registered values. 


bis VROM(rep) for all types can be applied on a continuous DC basis without in- 
curring damage. Ratings apply for zero or. negative gate voltage. 


5-13 


2N1842 thru 2N1850 (continued) 


ELECTRICAL CHARACTERISTICS (Ti = 


Motorola Silicon Controlled Rectifiers 


100°C unless otherwise noted) 


| Characteristic 


Peak Forward Blocking Voltage* 
2N1842 
2N1843 
2N1844 
2N1845 
2N1846 
2N1847 
2N1848 
2N1849 
2N1850 


| Peak Forward or Reverse Blocking Current 


Forward On Voltage 
(16 Ade, Ty = 25°C) 


Gate Trigger Current (Continuous DC) 
(Anode Voltage .7V. Ry, 502. Ty + 25°C) 


Gate Trigger Voltage (Continuous DC) 
(Anode Voltage 7V. Ry. 502. Ty 25°C) 


(Anode Voltage = 7V,R, = 502,Ty = 100°C) 


Holding Current 


(Anode Voltage - 7 V. Gate Open, T, = 25°C) 
Switching Time 

(depends on circuit - consult 

manufacturer for further information) 


Forward Voltage Application Rate 

Thermal Resistance (Junction to Stud) 
MAXIMUM ALLOWABLE 

fool = 2 AMPS GATE TRIGGER CHARACTERISTICS 


Ts = 25°C 
MAXIMUM ALLOWABLE GATE POWER 
Pem = 5 WATTS 


‘ 
2.0 VOLTS 
GATE VOLTAGE 


1.0 
REQUIRED TO 
FIRE ALL UNITS 
r7-¥ 0.5 i] 
o. uw | AS A FIRING CIRCUIT DESIGN CRITERIA 
= = 3 LL UNITS WILL FIRE AT ANY VOLTAGE 
= 02 cre | AUEND CURRENT WITHIN THIS AREA 
5 =Se | 
ce ase | 80 mA GATE CURRENT REQUIRED 
B01 Pez ___ _f __ TOrIREALLUNITS 
ua Ske ({199r¢ — 50 mA) 
S .05 os —40°C — 150 mA) * 
3 = ™ (1; = —40 TO +100°C) We 35 Volt 
s MAXIMUM ALLOWABLE FORWARD 
02 © TYPICAL TRIGGER POINT GATE VOLTAGE 10 VOLTS 
0001 
0 1 2 3 4 5 6 7 8 9g 10 
03 Vo, GATE VOLTAGE (VOLTS) — ANODE @ 7 VOLTS 


*JEDEC Registered Values 


CURRENT DERATING 


C, 1d, 3h, 6d, CIRCUIT-RESISTIVE OR 
* INDUCTIVE LOAD, 50 TO 400 CPS 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


4 6 8 10 12 
Iegavj, AVERAGE FORWARD CURRENT (AMPS) 


ad 


oO 


Irom: trom 


1 


= 
-_— 
eo 


_— 
an 


as Fy an eg 


Yd ete 


AR —— eae g Laetadr ed 


ff ef —— 8 | 


i, , INSTANTANEOUS FORWARD CURRENT (AMPS) 


10. 1.5 2.0 2.5 
Vz, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


SUGGESTED HEAT SINK SIZES 


RESISTIVE OR INDUCTIVE LOAD, 50 TO 400 CPS 
FREE CONVECTION CCCLING 


| 
CURVES SHOWN ARE FOR 180° es MULTI ANGLE 


‘58 
th CURVES FOR DC, 1¢, 3¢ 
~ CONDUCTION ANGLE FACTO 


3” x 3” 


| 
FINS 1/16” THICK COPPER 
WITH EMISSIVITY = 80% 
STUD MOUNTED DIRECTLY 


TO COPPER FIN 
MINIMUM SPACING = 3/4” 


Is avy AVERAGE FORWARD CURRENT (AMPS) 


40 60 
Ta, AMBIENT TEMPERATURE (°C) 


20 


Motorola Silicon Controlled Rectifiers 


onl 842A thru 2NI1 850A I; = 16 A RMS 
Q) 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers ina stud 
package with current handling capability to16 amperes 


at junction temperatures up to 125°C. 
CASE 64 
(TO-48) 


MAXIMUM RATINGS (T: = 125°C unless otherwise noted) 


Characteristics 


Peak Reverse Blocking Voltage** VROM(rep is 
2N1842A 
2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A ‘ 
2N1849A 
2N1850A 


Peak Reverse Voltage VROM(non-rep) 
Transient 2N1842A 
(non-recurrent 2N1843A 
5 msec max. 2N1844A 
duration) 2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 


Forward Current RMS Ip 
(All Conduction Angles) 


Peak Surge Current IrmM(surge) 
(One cycle, 60 cps) 
(Ty = -65 to +125°C) 


Circuit Fusing Considerations 
(Ty = -65 to +125°C; ¢ 8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 
Peak Gate Voltage 


Forward 
Reverse 5) 


Operating Temperature Range ~65 to +125 


Storage Temperature Range -65 to +150 


Stud Torque 30 


* JEDEC - registered values. 
** VROM(rep) for all types can be applied on a continuous DC basis without in- 
curring damage. Ratings apply for zero or negative gate voltage. 
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2N1842 A thru 2N1850A (continued) 


Motorola Silicon Controlled Rectifiers 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Characteristic . 


Forward Blocking Voltage* 
2N1842A 
2N1843A 
2N1844A 
2N1845A 
2N1846A 
2N1847A 
2N1848A 
2N1849A 
2N1850A 


Forward or Reverse Blocking Current Irom: IRoM 


Forward On Voltage 
(16 Ade, Ty = 25°C) 


Gate Trigger Current 
(Anode Voltage = 7 V, Ry, = 502, Ty = 25°C) 


Gate Trigger Voltage 
(Anode Voltage = 7 V, Ry, = 50 2, Ty = 25°C) 


(Anode Voltage = 7V, Ry = 502 ,Ty = 125°C)iVonr 


Holding Current 
(Anode Voltage = 7 V, Gate Open. Ty = 25°C) 


Switching Time ten (tg +t,) 
(depends on circuit - consult tots 
manufacturer for further information) 


Forward Voltage Application Rate dv/ dt 


Thermal Resistance (Junction to Stud) 950 


» 
oO 


1.6 


*Vron for all types can be applied on a continuous DC basis without incurring damage. 


Ratings apply for zero negative gate voltage. 


cay fe ALLOWABLE 
ous = 2 AMPS 


GATE TRIGGER CHARACTERISTICS 


MAXIMUM ALLOWABLE GATE POWER 
Pom = 5 WATTS 


1.0 GATE VOLTAGE 
REQUIRED TO ts = 25°C 
a FIRE ALL UNITS 
€ w | AS A FIRING CIRCUIT DESIGN CRITERIA 
= =,5 ALL UNITS WILL FIR VOLTAGE 
55 “ES AND CURRENT WITHIN THIS AREA 
z zou 
zoz 
zo ase | 60 mA GATE CURRENT 
3 Sf LL REQUIRED TO FIRE ALL UNITS 
sez = = (125°C — 50 may 
E 05 =] = (65°C — 150 ma)® 
3 7 =! (Ts = —65 TO +128°C) Vu = 1.5 Volts 


MAXIMUM ALLOWABLE FORWARD 


@ TYPICAL TRIGGER PCINT GATE VOLTAGE 10 VOLTS 


1 2 3 4 5 6 ? | 9 10 
Vg, GATE VOLTAGE (VOLTS) — ANODE @ 7 VOLTS 


0.25 *JEDEC Registered Values 


CURRENT DERATING 


OC, 14, 34, 6d, CIRCUIT-RESISTIVE OR 
INDUCTIVE LOAD, 50 TO 400 CPS 


{\ 
“0° Lae 


*CONDUCTION ANGLE 


Te, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C 


0 2 4 6 8 10 12 14 16 
Iscavye AVERAGE FORWARD CURRENT (AMPS) 
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i,, INSTANTANEOUS FORWARD CURRENT (AMPS) 


teravp, AVERAGE FORWARD CURRENT (AMPS) 


FORWARD CHARACTERISTICS — CONDUCTING STATE 


ne 
t—) 


onr Ny OY eS 
vwooeo o 8 


_ erm _— 
a a JUNCTION TEMPERATURE 


eee (Cy —— owe ae | 
it i | 


25°C 
0.0’ 0.5 1S 2.0 2.5 
Ye, israel pains VOLTAGE DROP (VOLTS) 


Ss 
x 


0.1 


SUGGESTED HEAT SINK SIZES 


CURVES SHOWN ARE FOR 180° CONDUCTION ANGLE 
FOR OTHER CONDUCTION ANGLES, MULTIPLY 
CURRENT VALUES 8Y FOLLOWING FACTORS: 

120° —0.91 30° — 0.38 
90° on DOC —- 1.40 
60° — | 
USE caw FOR OC. 1d, 34. 6A 
CIRCUITS BY CHOOSING PROPER 
CONDUCTION ANGLE FACTOR 


FINS 1716” THICK COPPER 
WITH EMISSIVITY = 90% 
anet MOUNTED DIRECTLY 


c 
MINIMUM SPACING = 3/4” 


RESISTIVE 08 INDUCTIVE LOAD, 50 TO 400 CPS 
FREE CONVECTION COOLING 


0 20 40 60 80 100 120 
Ta, AMBIENT TEMPERATURE (°C) 


Motorola Silicon Controlled Rectifiers 


2N2973 thru 2N2979 I, = 25 A RMS 


Vrom = 25-500 V 


Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (T, = 125°C unless otherwise noted ) 


Characteristics | Symbol 


Peak Reverse Voltage* 
2N2573 
2N2574 
2N2575 
2N2576 
2N2577 

2N2578 

2N2579 

Forward Current RMS 

(All Conduction Angles) 


500 
Peak Surge Current (one cycle, 60 cps) Amps 
(T, = -65 to +125°C) 


Circuit Fusing Considerations 
(Ty = -65° to +125°C; $8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Gate Current 


PG 
PG 
IG 
Peak Gate Voltage 
Forward 


Reverse 


Storage Temperature Ts -65 to +150 
Operating Temperature J -65 to +125 


* Vrom for all types can be applied on a continuous DC basis without incurring damage. 
Vrom ratings apply for zero or negative gate voltage. 


‘Motorola Silicon Controlled Rectifiers 


2N2573 thru 2N2579 (continued) 


ELECTRICAL CHARACTERISTICS (T, = 125°C unless otherwise noted ) 


Carats cea aa 


Forward Breakover Voltage 
(Ty = 125°C) 


2N2573 
2N2574 
2N2575 
2N2576 
2N2577 
2N2578 
2N2579 


Forward Leakage Current 
(@ Rated VRo with Gate Open) 
(Ty = 25°C) 
(Ty = 125°C) 


Reverse Leakage Current 
(@ Rated PRV) 


(Ty = 25°C) 
(Ty = 125°C) 


Forward Voltage Drop (Ty = 125°C) 
(16 A Full Cycle Average, 

180” Conduction Angle) 
(25 Amps DC) 


Gate Firing Current m Adc 
(Continuous DC) 


Gate Firing Voltage 
_ (Continuous DC) 
(Ty = 25°C) 
(T J= = 125°C) 
re oe Ee cece 


rommnnems [vw [=] 0 fee [ow 


5-18 


2N2573 thru 2N2579 (continued) 


MAXIMUM ALLOWABLE NON-RECURRENT 


Motorola Silicon Controlled Rectifiers 


MAXIMUM 
ALLOWABLE 


Ie = 2 AMPS. GATE FIRING CHARACTERISTICS 


3.5 VOLTS MAXIMUM ALLOWABLE 


MINIMUM GATE POWER 
1.0 GATE VOLTAGE Py = 5 WATTS 
REQUIRED TO FIRE 
LL UNITS 


| 
= ~ SURGE CURRENT se | 
re 25° 
ta a Ean | 
Pr Ps <n j ASA FIRING CIRCUIT DESIGN CRITERIA 
= 25 AMPS RMS w ax + ALL UNITS WILL FIRE AT ANY VOLTAGE 
os = a 
3 w ye‘ 40 mA MINIMUM 
a 5 01 z= GATE CURRENT REQUIRED 
2 2.0 oP | TO FIRE ALL UNITS 
= 5 = | (125°C —25 mA} 
S J l (—65°C — 80 ma) 
S 3 05 L 
= an a A pn ee 
wi 
=z 
” 
4 02 © TYPICAL TRIGGER POINT MAXIMUM ALLOWABLE ee ad 
= GATE VOLTAGE 10 VOLTS (FWD) 
3 0001 
Oo} 1 2 3 4 6 7 8 9 10 
CYCLES AT 60 CPS 0.3 V,,GATE VOLTAGE (VOLTS) 
(T, = 25°C —ANODE @ 6 VOLTS) 
MAXIMUM ALLOWABLE CASE TEMPERATURE 
LOW CURRENT LEVEL 
——__—_—_} a ___, 4 ____ 
a S | 50 eee eee ee” ee eee. eee eee 
S ~\ x a Se ee cae a” Se 
— 115 Ny %S Ke ee, ee a ee FP ee eee 
: . 3 A 
= 110 YS = 20 a Os 
= AN *conDUCTION-— =< L/ 7 
ws > ee Gee eee 2 eee eee eee 
3 Q 5.0 SS Ce 2 es 0 es Se es es 
uy ce Peete ie adhe a Ap [er 
@ 95 = eee Ee 7 | 2 eee See, ee 
3 2 | | og | =) F __ sunction temperature 
3 90 2 20 —— — 125°C 
= 3 25°C 
= as = 
= = 1.0 _ ETS 
= ———— 
3 80 5 ‘5 
7 | a 
~ 75 fee os 
70 0.2 ae 
65 0.1 
0 5 10 15 20 25 0.0 0.5 1.0 1.5 - 2.0 2.5 
AVERAGE FORWARD CURRENT (AMPERES) INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 
MAXIMUM TRANSIENT THERMAL RESISTANCE 
JUNCTION TO CASE POWER DERATING CURVE 
1.6 30 
zi MAXIMUM POWER DISSIPATION 
1.4 26 FI (2 WITH UNIT MOUNTED 


CURVE DEFINES TEMP. RISE 
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Motorola Silicon Controlled Rectifiers 


mcR049-1 thru McrO49-7 - = 20 ARMS 


Vrom — 25-500 Vv 


Industrial-type, silicon controlled rectifiers in a 
"diamond" package for applications requiring a high 
surge-current rating or low thermal resistance. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (Ts = 100°C unless otherwise noted) 


Peak Reverse setae ane * 

MCR649-1 
-2 
-3 
-4 
-5 
-6 
-7 


Forward Current RMS 
(All Conduction Angles) 


= -40 to +100°C) 


' Circuit Fusing Considerations 
(T, + -40 to + 100° C; = 8.3 msec) 


Peak Gate Voltage Volts 
Forward 
Reverse 


Storage Temperature | se -40 to +150 
Operating Temperature PTY -40 to +100 —- 


* Vrom for all types can ‘be applied on a continuous DC basis without incurring damage. 


Vrom ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


MCR649-1 thru MCR649-7 (continued) 


ELECTRICAL CHARACTERISTICS (At Ts = 25°C unless otherwise noted ) 


Characteristics 


Forward Breakover Voltage 
(T, = 100°C) 
MCR649-1 
-2 
-3 
-4 
-5 
-6 
-7 


Forward Leakage Current 
(@ Rated Vo With Gate Open) 
(T i 25°C) 
(T 7 100“C) 


Reverse Leakage Current 
(@ Rated PRV) 


(T. = 25°C) 


J 


(T, = 100°C) 


Forward Voltage Drop(T, = 100°C) 
(13 A Full Cycle Average, 
180° Conduction Angle) 
(20 sl DC) 


Gate Firing Voltage 
(Continuous DC) 
= 25°C) 


(T 
J 100°C) 


(T "= 
Holding Current 


Forward Voltage Application Rate 
(Roc = 272) 
MCR649-1 thru MCIR649-4 
(25 V - 200 V) 
MCR649-5 thru MCR649-7 
(300 V - 500 V) 


Thermal Resistance 
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Motorola Silicon Controlled Rectifiers 


MCR649-1 thru MCR649-7 (continued) WILOWABLE—, GATE FIRING CHARACTERISTICS 


2.0 


MAXIMUM ALLOWABLE 
GATE POWER 
P, = 5 WATTS 


3.5 VOLTS 
MINIMUM 
GATE VOLTAGE 
REQUIRED TO FIRE 


MAXIMUM ALLOWABLE NON-RECURRENT 
SURGE CURRENT 1.0 


a ALLUNITS — | 

tod 

= <e° | 

= g <zss 

= rd ax > | aS A FIRING CIRCUIT DESIGN CRITERIA 
= = “ze | ALL UNITS WILL FIRE AT ANY VOLTAGE 
3 = 1 2Ee j AND CURRENT WITHIN THIS AREA 

2 Ps ne | 

= = =F Il 

re w = 4 Gwe 2 eee eee ae ee —=— — 
z 3 rvetcat atccen pont 08 AMPERES MINIMUM eh 
= 3 05 e GATE CURRENT REQUIRED 

F4 7. TO FIRE ALL UNITS 

“ APPROXIMATELY (100°C — 50 mA) 

us; 95% OF UNITS {—40°C — 150 mA) 

= WILL FIRE 

4 02 WITHIN THIS MAXIMUM ALLOWABLE 

2 GATE VOLTAGE 10 VOLTS (FWD) 

a 


CYCLES AT 60 CPS 5 6 7 
03 Vo:GATE VOLTAGE (VOLTS) 
(T, = 25°C —ANODE @ 6 VOLTS) 
LOW CURRENT LEVEL MAXIMUM ALLOWABLE CASE TEMPERATURE 
100 100 
oe S 95 
ig wy 
& #2 
= 20 = 
x e $0 
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5 w 85 
Qo 4 3 
2 5.0 a 
2 L] uy 
= nw we © 80 
° 2.0 |, fl JUNCTION TEMPERATURE Sl 
= -—s = a 
a 
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Hil - 
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= 
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U 
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\ ASS 
Zee 


es 
ox) 


= 
o 


CURVE DEFINES TEMP RISE OF 
JUNCTION ABOVE CASE FOR 
SINGLE LOAD PULSE OF DURA- 
TION t. PEAK ALLOWABLE Dis- 
SIPATION IN RECTIFIER FOR 
TIME t, IF STARTING FROM 
CASE TEMP., -EQUALS 100°C 
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0.4 Ten THERMAL RESIST- 
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S 
oo 


© 
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S|LICONE LUBRICANT 


Osc, TRANSIENT THERMAL RESISTANCE (°C/W) 


001 002 005 01 02 05 O11 0.2 05 10 0 10 20 30 40 50 6 70 80 90 100 
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Motorola Silicon Controlled Rectifiers 


mcr? 29-5 thru mcr7 29-10 Iputso = 100 Ade 


Vrom — 300-800 V 
Pulse Repetition Rates — 
to 10,000 pps 


Fast-switching, high-voltage silicon controlled rec- 
tifier especially designed and characterized for radar, 
proximity fuse, beacon and similar pulse applications. 


CASE 63 


MAXIMUM RATINGS (Ts = 105°C unless otherwise noted) 


Forward Current (continuous) 
= Le 


Repetitive Pulse Current 
(10 usec pulse width) 
Peak Gate Voltage Vo Volts 
Forward and Reverse 
Operating Temperature -65 to +105 


Storage Temperature -65 to +150 


* Characterized for unilateral applications where reverse blocking capability 
is not important. Higher Vp rated units available on request. 


OM 
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Motorola Silicon Controlled Rectifiers 


MCR729-5 thru MCR729-10 (continued) 
ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


Characteristic symbol | Typical Maxum] unit | 
Gate Firing Current 


Forward Breakover Voltage* VEOM LEP 
(T i. 25°C) 


MCR729-5 
Gate Firing Voltage Vor Volts 
(T, = 25°C) 1.5 


-6 

-7 
Forward Voltage Drop 
(2 Adc, T, = 25°C) 


-8 
-9 
-10 


Forward Leakage Current 
(Rated VBo with gate open) 


Turn-On Time (ty + t.) 


(I, = 200 mA, Ta = 25°C) 
Ihulse = 30 amps 
Ioulse = 100 amps 


Turn-On Time Variation 
(T, = +25°C to +105°C and 


+25°C to -65°C) 


Recovery Time (forward) 


= 30 amps, I =0, T, = 25°C 


reverse A 


Turn-Off Time (Conventional) 


(sorward = 2 amps, | 


T, = 25°C) 


reverse — 10 amps, 


Drop-Out (Holding) Current 
(T A= 25°C) 


Thermal Resistance ] J 


* Other voltage units available upon request. 
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Motorola Silicon Controlled Rectifiers 


mcr808 series 7 pane Vv 
McRI308 series 


Low-cost, silicon controlled rectifiers available in 
two package styles and reverse polarity for versatile, 
economical, general-purpose applications. 


CASE 68 , CASE 62 


MAXIMUM RATINGS (at Ts = 100°C unless otherwise noted) 


Peak Reverse Voltage* 


MCR808 
MCR808R 
MCR1308 
MCR1308R 


Peak Surge Current (one cycle, 60 cps) 
(Ty = -40 to +100°C) 


Circuit Fusing Considerations 
(Ty = -40 to +100°C; 8.3 msec) 


Peak Gate Power 
Average Gate Power 
Peak Forward Gate Current 


Peak Gate Voltage 
Forward 
Reverse 


Operating Temperature Range -40 to +100 


Storage Temperature Range -40 to +150 
Stud Torque ~ MCR1308 and MCR1308R 


ZROM(r for all types can be applied on a continuous DC basis without 
Omirep Newiage. Ratings apply for zero or negative gate voltage. 
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Motorola Silicon Controlled Rectifiers 


MCR808, MCR1308 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 
PO 


— ° FER 


(Ty = 100°C) 
Peak Forward Blocking Current Irom 
(Rated Vox, with gate open, Ty = 100°C) 
Peak Reverse Blocking Current IRoM 
(Rated Vpoyy, Gate open, Ty = 100°C) 
Forward On Voltage VF Volts 
- (18 Ade, Ty = 100°C) 
Gate Triggering Current Ior 
(Anode Voltage = 7 V, Ry, = 502) 
Gate Firing Voltage (Continuous DC) Volts 
(Anode Voltage = q V, Ry, = 5022) Vor 0.7 
(Anode Voltage = 7 V, Ry, = 502, Ty = 100°C) Vont _ 
Holding Current 
(Anode Voltage = 7 V, gate open) 
Turn-On Time 
(Ip = 18 Adc, Igy = 50 mAdc) 
Turn-Off Time 
(Ip = 10 A, Ip = 10 A) ‘ott 
(ip = 10 A, Ip = 10 A, Ty = 100°C) 
Forward Voltage Application Rate dv/dt V/usec 
(Tz = 100°C) 
Thermal Resistance MCR808 and MCR808R 930 °C/W 
MCR1308 and MCR1308R 


*VFoMm for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate. voltage. 


MCR808 
MCR8&08R ~3 
MCR1308 -4 


MCR1306R 


PRESS IN MOUNTING 
HEAT SINK MOUNTING 
1. Heat Sink Hole — To provide good SCR heat sink surface con- Typical Thermal 
tact, the diameter of the heat sink hole should be 0.499 +.001 Resistance, Case 21 mom 
inch. The edge of the hole into which the SCR will be pressed to Sink @,, = 1° C/W ot 
should be slightly beveled to aid in starting and to prevent 50 ean. GF 
shearing off of the package knurl. The depth and width of this ou By 
beveled break should be 0.010 nominal (see Figure 14). oe bas ¢ 


. Hardness of Heat Sink Material — If the SCR is pressed into 
a heat sink material which is harder than the case of the SCR, 
degradation of voltage characteristics can occur because of 
stresses placed on the package and consequently on the silicon 
die inside. Therefore, the following hardnesses for the heat sink 
material are recommended : 

Copper — less than 50 on the Rockwell F scale THIN-CHASSIS MOUNTING 
(the MCR808 case is 50 or greater) 
Aluminum — less than 65 on the Brinell scale. 


i) 


tod 


. Press-In Force — The recommended press-in force is between waar Sine PLATE 
250 and 1000 pounds per square inch. It is extremely im- = : oe aa 
portant that this force be applied only to the external annular oat 
ring portion of the device. If pressure is applied to the glass- 
to-metal seal portion of the device, stresses can result which 
crack the glass and/or break the hermetic seal. 
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MCR808, MCR1308 (continued) 


MAXIMUM 
ALLOWABLE 
lew = 2 AMPS 


0.2 


GATE TRIGGER CHARACTERISTICS 


MAXIMUM ALLOWABLE 
GATE POWER 
Pou = 5 WATTS 


= 
°o 


}+—1.5 VOLTS GATE VOLTAGE 
REQUIRED TO FIRE ALL UNITS 


—40 TO +100°C) 


AS A FIRING CIRCUIT DESIGN CRITERIA 
Alt UNITS WILL FIRE AT ANY VOLTAGE 
AND CURRENT WITHIN THIS AREA 


Led 
o 


2 
-_ 


NO UNITS WILL FIRE AT ANY POINT WITHIN 


Ig, GATE TRIGGER CURRENT (AMPS) 
THIS AREA (T, 


TO FIRE ALL UNITS 


| 
50 mA GATE CURRENT REQUIRED 
ss 


o 
a 


MAXIMUM ALLOWABLE FORWARD 
GATE VOLTAGE 10 VOLTS 


02 


.0001= 
0 1 2 3 4 5 6 7 8 9 10 
Vg, GATE VOLTAGE (VOLTS) 


(T, = 25°C — ANODE @ 7 VOLTS) 


TYPICAL TRIGGER POINT 


0.3 
FORWARD CONDUCTION CHARACTERISTICS 
100 Ge 
a a 
| ee A (a _ 
50 ee ee 
ee eee 7 ae, Gee Ener 
San 


MAXIMUM VALUES 


TYPICAL VALUES 


—“ 


5.0 


2.0 


is, INSTANTANEOUS FORWARD CURRENT (AMPS) 


2 Se SS Se Ce! oes 
ee ee a a 
0.5 ae a Le ee eS 
ee 7 ee eee eee eee 
ie 2 2 ee ee eee eee 
= Lee a ee Se a 
Tim eS2s 
Ty = 25°C 
Eo 


0.1 


So 
hme 
in 
ted 
Oo 
np 
wn 
w 
° 


0 0. 1. 
Ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 


Motorola Silicon Controlled Rectifiers 


TYPICAL HOLDING CURRENT versus TEMPERATURE 


ANODE VOLTAGE = 7 Vdc 
GATE OPEN 


Ito» HOLDING CURRENT (mA) 


T,, AMBIENT TEMPERATURE (°C) 


MCR8O8, R SERIES 
HALF WAVE 


wo o 
S 3S 


ao 
Qo 


an 
oOo 


ptt ttt et yt tt ye 
pt tT tae ee eT 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


0 2 4 6 8 10 12 14 16 18 
Ir tavy, AVERAGE FORWARD CURRENT (AMPS) 


MCR1308, R SERIES 


HALF WAVE 


-_ 
Q 
o 


rao | Nt 


PT TTT TTA 
PET EE TT Toc 


0 2 4 6 8 10 12 14 16 18 
Ietavy, AVERAGE FORWARD CURRENT (AMPS) 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 
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Motorola Silicon Controlled Rectifiers 


. |, = 2A RMS 
mcrO46 series Veou = 25-200 V 


Silicon controlled rectifiers for low-power switching 
and control applications requiring blocking to 200 volts 
and load currents to 2 amps. 


CASE 63 


MAXIMUM RATINGS (Ts = 105°C unless otherwise noted) 


Characteristic 


Peak Reverse Voltage 

MCR 846 - 1 
-2 
-3 
-4 


RMS Forward Current 


Peak Surge Current (one cycle, 
60 cps, T, = -65 to +105°C) 


J 
Circuit Fusing Considerations a: 
Average Gate Power Po ave) 
Peak Gate Current 
Peak Gate Voltage (forward V Volts 
and reverse) 
Storage Temperature 
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Motorola Silicon Controlled Rectifiers 


MCR846 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


Forward Breakover 
Voltage 
MCR 846 - 1 

-2 
-3 
-4 


Forward Leakage Current 


Reverse Leakage Current 


pelea Voltage Drop 
= 25°C, I, = 2 amp DC 


Volts 
25 
50 
100 
200 


ma DC 


Q) 2) 


~_ 
on 


(To = 25°C) 
Turn Off Time(I,,= 2 amps) 


(I, = 10 amps) 


(Tc = 25°C) 
Turn On ae es 2 amps DC) 


mcr9 I 4 series 


For specifications, See 2N1595 Series Data Sheet 


mcrI 304 series 
mcrl 305 series 


McRI604 series 
mcr 605 series 


For Specifications, See MCR2304 Series Data Sheet 
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Motorola Silicon Controlled Rectifiers 


mcr1718-5 thru mcr1718-8 2 eae 
I; = 25 A RMS 


Fast-switching, high-voltage silicon controlled rec- 
tifiers for pulse modulator applications requiring block- 
ing to 600 volts and repetitive pulse currents to 1000 
amps. 


Peak Reverse Blocking Voltage* 


MCR1718-5 300 
- (rep) 400 

-7 500 

8 600 


Transient Peak Reverse Blocking 
Voltage {non-recurrent 5 msec 
max duration) 

MCR1718-5 

-6 

-1 

-8 


Peak Repetitive Pulse Current: 
(1-10 microsec pulse width) 


RMS Forward Current 


Dynamic ere. Power Dissipation 
(At T, = 65°C) PF (AY) 


Current Application Rate di/dt 
(up to 1000 Amps Peak) 


ar Fusing Considerations 
= ~65 to +125°C; P.W. <1.0 msec) 


Peak Gate Power 
Average Gate Power Pc (AV) 
Peak Forward Gate Current 


Peak Gate Voltage - Forward 
- Reverse 


Operating Junction Temp. Range 


+150 
Stud Torque 


s 
a 


(GM 
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—— Motorola Silicon Controlled Rectifiers 


MCR1718-5 thru MCR1718-8 (continued) 


ELECTRICAL CHARACTERISTICS (1; = 25°C unless otherwise noted) 


a 
Vv 


Peak Forward Blocking Voltage* FOM* Volts 

300 
400 
500 
600 

trom 

TRom 

lor 

Yor 

Vont 

Vv 


T; = 125°C MCR1718-5 
-6 
-7 


-8 


Peak Forward Blocking Current 


(Rated Vom T; = 125°C, Gate Open) 


Peak Reverse Blocking Current 
(Rated Vrom' T, = 125°C, Gate Open) 


te | 
: a | 


. aa 
F(on) Volts 
1.0 usec after start (10% pt.) of I pulse 
5.0 usec after start (10% pt.) of I pulse 


Gate Trigger Current (continuous DC) 
(Anode Voltage = 7Vdc, Ry = 502) 


Gate Trigger Voltage (continous DC) 
(Anode Voltage = 7Vdc, R,, = 502, 


T; = 25°C) 
(Anode Voltage = 7Vdc, R 


T; = 125°C) 


Turn-on Forward Voltage Drop 
= 500 mA, louise = 500 amps) 


= 502, 


L 


bool aie 


Recovery Time (Forward) t. be psec 
(ulse = 500 amps, L avévee = 10 amps) 
(Inductive charging circuit - circuit 
dependent) 


Forward Voltage Application Rate dv/dt V/ psec 
(Gate Open, T; = 125°C) 


Drop-out (Holding) Current m Adc 
15 
6 


Gate Open; T; = 25°C 


Gate Open; T; = 125°C 
* V and V 


FOM ROM(rep) 
Ratings apply for zero or negative gate voltage. 


for all types can be applied on a continuous DC basis without incurring damage. 
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Moiorola Silicon Controlled Rectifiers 


mcr1907-1 thru mcr1 907-6 |; = 25 A RMS 


Vrom = 25-400 V 


Fast turn-on, fast turn-off silicon controlled recti- 
fiersfor high-frequency applications requiring block- 
ing to 400 volts and load currents to 25 amps. 


CASE 64 
(TO-48) 


MAXIMUM RATINGS (Ts = 125°C unless otherwise noted) 


Characteristic Symbol Rating Unit 


Peak Reverse Blocking Voltage* VRoM(r ep)” Volts 
MCR1907-1 25 
MCR1907-2 50 
MCR1907-3 100 
MCR1907-4 200 
MCR1907-5 300 
MCR1907-6 400 


Peak Reverse Blocking Voltage 
(non-recurrent, 5 msec max. Vv z Volts 
duration) ROM(non-rep) 


MCR1907-1 35 
MCR1907-2 75 
MCR1907-3 150 
MCR1907-4 300 
MCR1907-5 400 
MCR1907-6 500 


Forward Current RMS A 25 Amps 
(All Conduction Angles) 


Peak Surge Current (one cycle, 60 cps) Ip 6 150 Amps 
(Ts = -65 to +125°C) meee) 


Circuit Fusing Considerations it A2sec 
(Ty = ~65 to +125°C; t S 8.3 msec) 75 


Peak Gate Power PGM 5 Watts 
Average Gate Power PG(av) 0.5 Watts 
Peak Gate Current IGFM 2 Amps 


Peak Gate Voltage: Forward VGFM 10 Volts 
Reverse VGRM ) 


Operating Temperature T; ~65 to +125 MG 
Storage Temperature Tgtg -65 to+150 


*VROM(rep) for all types can be applied on a continuous DC basis without incurring 
damage. Ratings apply for zero or negative gate voltage. 


CURRENT DERATING 


0 2 4 6 8 10 12 14 16 18 20 22 «24 =~ 26 
tepav) AVERAGE FORWARD CURRENT (AMPERES) 


Tc, MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 
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Motorola Silicon Controlled Rectifiers 


MCR1907-1 thru MCR1907-6 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Characteristic 


Peak Forward Blocking Voltage* MCR1907-1 
MCR1907-2 
MCRI1907-3 
MCR1$907-4 
MCRI1907-5 
MCR1907-6 


Peak Forward or Reverse Blocking Current Irom & Irom 


Forward On Voltage 
(Ip = 20 Adc, Te = 25°C) 


Gate Trigger Current (Continuous DC) 
GT 


(Anode Voltage = 7 Vdc, Ry, = 50 ohms, T; = 25°C) 


Gate Trigger Voltage (Continuous DC) 
(Anode Voltage = 7 Vdc, Ry, = 50 ohms, Ty = 25°C) Vv 
(Anode Voltage = 7 Vdc, Ry, = 50 ohms, Ty = 125°C) Vont 


Holding Current 
(Anode Voltage = 7 Vdc, gate open, Ty = 25°C) 


Turn-On Time 
(Ip = 104A, Ig 


Turn-Off Time (Figure 3) 
(Ip = 10 A, Ip = 10 A, dv/dt = 30 V/ysec min) 


Vrxm = rated voltage 
Vrxm = rated voltage 


Forward Voltage Application Rate dv/dt 
Thermal Resistance, Junction to Case | ase sisd 


*Vrom for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 


TURN-OFF TIME TEST CIRCUIT TYPICAL TURN-OFF TIME vesus 
= PEAK FORWARD CURRENT AND JUNCTION TEMPERATURE 
ee 
TEST UNIT le =10A 


dv/dt = 30 V/ usec min 


(SELECTED 
p, RECOVERY DiODB 


O SCOPE (VOLTAGE) 


10v 
60 CPS 


FORWARD 
| CURRENT : 

1 ee 

LLY ime | sem 76 $8 
SUPPLY 
REVERSE : 
2 
SUPPLY 

: * (NOMIKDUCTIVE 


SCR, TRIGGERED “ON™ 


TEST UNIT 
O SCOPE (GROUND) 


tor, TURN-OFF TIME (jxSec) 


© SCOPE (CURRENT) 


Ty, JUNCTION TEMPERATURE (°C) 


\ Ee, enecovern! 


SCR, AND TEST UNIT - -t---M----- FORWARD CHARACTERISTICS — CONDUCTING STATE 


TRIGGERED “ON” : 


ANODE CURRENT 


REVERSE , FORWARD 


3 
=) 


ANODE VOLTAGE 


_ -— Pr, «= ——P 
REVERSE FORWARD 


os 
i—) 


SCR, TRIGGERED "ON" 


. JUNCTION TEMPERATURE 
1.0 —————————— oo Stee soak ee 125°C 
Forward conduction current is passed through the device —— 
(SCR, and test device triggered on). The anode is then 
driven negative (SCR., triggered on), causing reverse current 
to flow. The anode-to-cathode potential goes negative with 
a decrease in reverse current. Forward voltage is then ap- 
plied to the anode of the device (SCR, triggered on). The 
device has fully recovered when it regains its ability to block 
the reapplied forward voltage. 


Tf Consult manufacturer for further circuit information. 


0.1 


ig, INSTANTANEOUS FORWARD CURRENT (AMPERES 


vg, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) 
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Motorola Silicon Controlled Rectifiers 


MCR2 304 series Tanaris Vv 
McR2305 series 
McRZ604 series 
MCRZ 605 series 


Silicon controlled rectifiers for applications requir- 


OR 4 ing current up to 8 amperes with blocking voltages up to 
\ + 400 volts. Available ina variety of economical packages 


MCR2304 MCR2305 for mounting versatility, and in both forward (anode-to- 
CASE 85 CASE 86 case) connection and reverse (cathode-to-case) connec- 
“ tion. (normally anode connected to case. For cathode- 
© to-case connection, add suffix ''R" to type number.) Also 
‘by available in flying lead ('L' suffix) and pin ('P' suffix) 
versions. 
MCR2604 MCR2605 


CASE 87 CASE 88 


Note: MCR1304, R; MCR1305, R; MCR1604, R; MCR1605, R series are electrically identical to the equiv- 
alent ‘‘2000”’ series, but are mounted in cases 65, 69, and 68 respectively. 


MAXIMUM RATINGS (Ts = 100°C unless otherwise noted) 


Peak Reverse Blocking Voltage* VROM(rep)* Volts 
~1 

MCR2304, MCR2304R | -2 
MCR2305, MCR2305R ~3 
MCR2604, MCR2604R -4 
MCR2605, MCR2605R -5 


-6 
Forward Current RMS Ip Amps 
(All Conduction Angles) 


Peak Surge Forward Current I¢M(surge) Amps 
(One cycle, 60 cps) 
(Tz =-40 to +100°C) 
Forward Polarity 100 
Reverse Polarity 80 


Circuit Fusing Considerations 

(Ty = -40+100°C; t = 8.3 msec) 
Forward Polarity 
Reverse Polarity 


Peak Gate Power 


Average Gate Power 


Peak Forward Gate Curren Sy 


Peak Gate Voltage Volts 
Reverse VGRM 10 
Operating Temperature Range -40 to +100 


| ee 
Storage Temperature Range “40197180 


*VR M(rep) for all types can be applied on a continuous DC basis without incurring damage. 
reo apply for zero or negative gate voltage. 


These devices should never be tested with a constant current source for forward or reverse 
blocking capability such that the voltage applied exceeds the rated blocking voltage. 
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Motorola Silicon Controlled Rectifiers 


MC2304, MCR2305, MCR2604, MCR2605 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 125°C unless otherwise noted) 


Peak Forward Blocking Voltage* 
MCR2304, MCR2304R 
MCR2305, MCR2305R 
MCR2604, MCR2604R 
MCR2605, MCR2605R 


Peak Forward Blocking Current 
(Rated Vpoy @ Ty = 100°C, gate open) 
Peak Reverse Blocking Current TRom 
(Rated Vaoy @ Ty= 100°C, gate open) 
Forward On Voltage 
(Ip = § Adc) 
Gate Trigger Current (Continuous DC) 
(Anode Voltage = 7 Vde, Ry; = 1002) 


Gate Trigger Voltage (Continuous DC) 
(Anode Voltage = 7 Vdc, R L 7 1002) 


(Anode Voltage = 7 Vdc, Ry, = 1002, Ty = 100°C) 


Holding Current 
(Anode Voltage = 7 Vdc, gate open) 


Turn-On Time 
(Ip = 5 Adc, Igy = 20 mAdc) 


Turn-Off Time 
(Ip = 5 Adc, IR = 5 Adc) 
(Ip = 5 Ade, Ip = 5 Adc, Ty = 100°C) 


Forward Voltage Application Rate 
(Tz = 100°C) 


Thermal Resistance, Junction to Case 


MCR2304, MCR2604, MCR2605 
MCR2304R, MCR2604R, MCR2605R 
MCR2305 

MCR2305R 


Thermal Resistance, Case to Ambient 
MCR2304, MCR2604, MCR2605 and reverse polarity units. 


*Vrom for all types can be applied on a continuous DC basis without incurring damage. Ratings apply for zero or negative gate voltage. 
These devices should never be tested with a constant current source for forward or reverse blocking capability such that the voltage 
applied exceeds the rated blocking voltage. 


MAXIMUM ALLOWABLE NON-RECURRENT , 
SURGE CURRENT HALF WAVE 


100 
SASH sel ton Sora ioie al 
BNaS SAN ll 
IWS i Baste DEVICE MOUNTED ON HEAT SINK* 
PNET TTT 
CEPA iss ost 
| ttt | AA NCA AD 


109 
90 


80 


70 


60 


50 
40 


80 


30 


70 
20 


PEAK HALF SINE WAVE FORWARD CURRENT (AMPS) 
Tc. MAXIMUM ALLOWABLE CASE TEMPERATURE (°C) 


10 —————— FORWARD POLARITY 


SOON raratees 
0 60 


1.0 40 60 8010 20 40 60 0 ] 2 3 4 5 6 7 8 


CYCLES AT 60 CYCLES PER SECOND lgtavy. AVERAGE FORWARD CURRENT (AMPS) 


*Heat sink sulticient to maintain allowable case temperature for 180° 
conduction angle during normal operation. 
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Motorola Silicon Controlled Rectifiers 


MC2304, MCR2305, MCR2604, MCR2605 (continued) 


FORWARD CONDUCTING CHARACTERISTICS TYPICAL GATE TRIGGER CURRENT 
(ALL TYPES) versus TEMPERATURE 


2 
a. 
= 
= = ANODE VOLTAGE = 7 Vde 
S —— R, = 1000 
s of 
= a / A 
S ay / a 
= 
: i : 
am a oe ee 
= anes a 8 Fx 
= Tf & 
B | 3 
= = 
3 
- 
a) 
vp. INSTANTANEOUS FORWARD VOLTAGE (VOLTS) 
Ty, JUNCTION TEMPERATURE (°C) 
GATE TRIGGER CHARACTERISTICS TYPICAL HOLDING CURRENT 
MAXIMUM ALLOWABLE FORWARD GATE CURRENT versus TEMPERATURE 
2 0 lorm = 2 AMPS 
MAXIMUM ALLOWABLE 
GATE POWER 
KL Pow = SWATTS 
1.0 1.5 VOLTS 
| __ care voutace 
0.7 z REQUIRED TO TRIGGER 
haar] | ALL UNITS 
0.5 =S9 
[ve] Qo 
ge ol 
3-(FZe 
a ||2z8 = 
& ; == ! | = 
_ - 
= 2 aes >| AS A TRIGGER CIRCUIT DESIGN CRITERIA z 
Fe se~- ALL UNITS WILL TRIGGER AT ANY VOLTAGE & 
a = AND CURRENT WITHIN THIS AREA 3 
3 0) | g 
= a 
. 07 | S 
05 | 3 
| aher 20mA GATE CURRENT REQUIRED 
03 taicceR =» fT) TRIGGER ALL UNITS 
« POINT 
02 a. — — 
MAXIMUM ALLOWABLE FORWARD 
. GATE VOLTAGE 10 VOLTS = 
0001 
oh 1 2 3 4 5 6 7 8 9 10 
0.2 Vg, GATE VOLTAGE (VOLTS) 
(T,: 25°C ~ ANODE @ 7 VOLTS) T,, JUNCTION TEMPERATURE (°C) 
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Motorola Gate Controlled Switches ——— 


mocs62 1-1 thru mocs82 1-6 eer eer 


Silicon gate controlled switches for switching and 
controlapplications requiring a bistable switch that can 
be turned off as well as on by a gate signal. 


CASE 61 
(TO-41) 


MAXIMUM RATINGS (Ts = 105°C unless otherwise specified) 


Peak Reverse Voltage 
(Note 1) 
MGCS 821 -1 


2 
3 
4 


3) 
6 


Forward Current Amps 
@ To = 80°C (see Figure 1) 
Peak Surge Current 


Ip 
I 
(One cycle, 60 cps, T, = 
PGF 
PGR 


-40°C to +105°C) 


Peak Gate Power 
Forward 


Reverse 


Average Gate Power 


Forward Por (ave) 

Reverse Por (avg) 
Peak Gate Current 

Forward lor 

Reverse Ior 


Storage Temperature 


stg 
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Motorola Gate Controlled Switches 


MGCS821 series (continued) 
ELECTRICAL CHARACTERISTICS (Ts = 105°C unless otherwise noted) 


~T di 


MGCS 821 - 1 
Controllable Anode Amps 
Current (see Figure 2) 
Forward Blocking Current ma DC 
(@ rated Vso) 
Reverse Blocking Current ma 
(@ rated PRV) 


Forward Voltage Drop Vv 
@I I, = 5 amps DC, 
To = 25°C 


Gate Turn On (Trigger) Current 
@ T; = 25°C 


@ T; = 105°C 


Gate Turn On (Trigger) Voltage 
@ T; = 25°C 


@ T; = 105°C 


Gate Turn Off Current 
25-200 volt units 
300-400 volt units 
@ I, = 5 amp DC, 


j = -40°C to +105°C 
Pulse Width = 200 usec 


(See 
Note. 4) 


Gate Turn Off Voltage 
@ I, = 5 amp DC, 

T, = -40°C to +105°C 
Pulse Width = 200 usec 


Latching Current, T, = 25°C, 


Rise Time (@T, = 25°C, 
I, eae Be = 100 ma) 


lor 


Fall Time @ turn off conditions 
listed above 


Thermal Resistance 


‘Holding Current @ To = 25°C 
Rate of Applied Forward Voltage dv/dt 
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Motorola Gate Controlled Switches 


MGCS821 series (continued) 


CURRENT RATING SWITCHING LOAD LINES 


é : 
a fe 
n ° ALL UNITS MAY BE 
E Q SWITCHED WITHIN 
< 2 THIS AREA 
nin = 
= 
OF 
fey 
PARTICULAR 
MGCS 821 
-40 -20 0 20 40 60 980 100 110 120 
CASE TEMPERATURE (T,) - °C FORWARD BLOCKING VOLTAGE (VOLTS) 
LOW LEVEL ON VOLTAGE TURN OFF GAIN CHANGE 
100 
Cian ae eee Fs ee a) 
2 Jie ee 
nea ne saan 
a 10 
S ae eee ta (FORWARD CURRENT AND 
on Z ANODE VOLTAGE CONSTANT) 
ne 5 
B e a el EY, iene ae: ee Z TYPICAL MGCS 821-4 
PS =) oO 
Z° ae 
e 0 it-— 
g a hae ae 
COS a 
4 -40 -20 -0 20 40 60 80 100 110 120 
MAX, ser nnANRoUS fon yaumee (VOLTS) JUNCTION TEMPERATURE (°C) 
TURN OFF GAIN CHANGE TYPICAL TURN OFF TIME 
| ee el tae: 
20 4 20 > 5 a Ea 
c c AND T, CONSTANT wa I, AND T,, CONSTANT 
Z 2 ne 
< 40 4 40 
z 
z 60 Zz 60 
e 3 
ae TYPICAL MGCS 821-4 ne 
; oe j Z 
100 100 
0 5 0 50 100 150 200 250 300 
FORWARD CURRENT - I, (AMPS ANODE VOLTAGE - V,,, (VOLTS) 
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Motorola Gate Controlled Switches 


MGCS821 series (continued) 


TURN OFF TIME (SEC) 


NOTES: 
1. Units for DC applications (Vrom only) available on special request. 
2. Higher current units available on special request. 


3. In addition to the gate to cathode resistor (Rec), performance may be 
enhanced in certain applications be the use of an anode to cathode 
capacitor (C jc). 


4, (See gate turn off current) Typical units can be turned off with much 
lower level gate pulses (i.e. , exhibit much higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains (*F_) for various switching 


Igo 
a. Switching from 3-5 amps to 200 volts or less -10 max. 
b. Switching from 3-5 amps to 200 volts or more - 5 max. 
c. Switching from 2-3 amps - 6 max. 
d. Switching from less than 2 amps - 4 max. 


TYPICAL TURN OFF TIME 


1_«5 AMPS DC i 
L pitts sae le 


So 
os 2 as el 


0 50 100 150 200 250 300 350 400 Cx=2uf | t | 
SUPPLY VOLTAGE (Eg) - VOLTS OFF 
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Motorola Gate Controlled Switches 


. : I: = 5 A RMS 
mocs924-1 thru mocs924-6 aaa ie 
mocs9 25-1 thru mocs925-6 Vrom = 15-400 V 


Silicon gate controlled switches for switching and 
controlapplications requiring a bistable switch that can 
be turned off as well as on by a gate signal. 


CASE 61 
(10-41) 


MAXIMUM RATINGS (Tj; = 105°C unless otherwise noted) 


Characteristic | Symbol 


VRoM 


lsurge) 
PGF 
PGR 


Rating 


Peak Reverse Voltage 
MGCS 924 (All Units) 
MGCS 925 - 1 


Forward Current 
@ To = 80°C 


(see Figure 1) 


Peak Surge Current 
(One cycle, 60 cps, 
T; = -40°C to +105°C) 


Circuit Fusing Considera- 
tions (t < 8.3 msec) 


Peak Gate Power 
Forward 


Reverse 


Average Gate Power Watts 
Forward Por (ave) 
Reverse Por (avg) 


Peak Gate Current 
Forward 


Amps 


Reverse 


Storage Temperature 
Operating Temperature 


° 


-40 to +150 


° 


-40 to +105 
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Motorola Gate Controlled Switches 


MGCS924-MGCS925 (continued) 


ELECTRICAL CHARACTERISTICS 


i 


Controllable Anode , 
Current 
Forward Blocking 
Current (@ rated V BO 
Reverse Blocking 
Current (@ rated PRV) 


Forward Voltage Drop 
@ Ip = 5 amps DC, 
Tr. = 25°C 


Gate Turn On (Trigger) 
Current 
@T. = 25°C 


@T, = 105°C 


Forward Breakover 
Voltage (MGCS 924 & 925) 


-2 


Gate Turn On (Trigger) 
Voltage 
@ T; = 25°C 


@ T; = 105°C 


Gate Turn Off Current. 
@1, = 5 amp DC, 


T. = -40°C to +105°C 
Pulse Width = 200 usec 


(See 
Note 2) 


Gate Turn Off Voltage 
@ I = 5 amp DC, 


T; = -40°C to +105°C 
Pulse Width = 200 usec 


Rise Time(@ To= 25°C, 
I, = 5amp DC, lor = 100 ma) 


Fall Time @ turn off conditions 
listed above 


Thermal Resistance 
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MGCS924-MGCS925 (continued) 


CURRENT RATING 


Ip (AMPS DC) 


-20 0 20 40 ~~ 60 80 100 110 120 


CASE TEMPERATURE (To) - 9C 


LOW LEVEL ON VOLTAGE 


INSTANTANEOUS FORWARD 
CURRENT (AMPS) 


2 
MAX, INSTANTANEOUS ON VOLTAGE (VOLTS) 


TURN OFF GAIN CHANGE 


% GAIN CHANGE 


2 
FORWARD CURRENT - I, (AMPS 


Moforola Silicon Controlled Rectifiers 


I, (AMPS DC OR PEAK) 


% GAIN CHANGE 


% GAIN CHANGE 
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SWITCHING LOAD LINES 


UNITS MAY BE SWITCHED 
ALONG LOAD LINES SHOWN 


TO INDICATED VOLTAGES OR 
TO RATED FORWARD BLOCKING 
VOLTAGE, WHICHEVER IS LESS 


0 
0 100 200 300 400 
FORWARD BLOCKING VOLTAGE (VOLTS) 


TURN OFF GAIN CHANGE 


(FORWARD CURRENT AND 
ANODE VOLTAGE CONSTANT) 


100 
JUNCTION TEMPERATURE (°C) 


~20 0 20 40 60 80 110 


TURN OFF GAIN CHANGE 


PEN UT EET ET 


20 
q IL AND T,. CONSTANT 
<1 F Cc 
TET ELL RAN ELL 
_ es 


200 
ANODE VOLTAGE - Vac (VOLTS) 


100 150 


Motorola Silicon Controlled Rectifiers 


MGCS924-MGCS925 (continued) 


NOTES: 


1. In addition to the gate to cathode resistor (RGc), performance may be 
enhanced in certain applications by the use of an anode to cathode 
capacitor (Cac). 


2. (Reference gate turn off current). Typical units can be turned off with 
much lower level gate pulses (i.e. , exhibit higher gain), however, the 
values specified are recommended for safe area operation in accordance 
with figure 2. Recommended turn off gains (CF ) for various switching 
levels are as follows: GO : 


a. Switching from 3-5 amps to 150 volts or less -10 max. 
b. Switching from 2-3 amps to 300 volts or less - 6 max. 
Cc. Switching from less than 2 amps to 409 volts or less - 4 max. 


3. Units with higher forward blocking voltage available on special request. 
Also, units with intermediate voltage ratings (150 volts, etc.) available 
on special request. 


TYPICAL TURN OFF TIME 


TURN OFF TIME (u#SEC) 


0 50 100 150 200 250 300 350 400 
SUPPLY VOLTAGE (Ey) - VOLTS 
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MOTOROLA POWER TRANSISTORS 


READING REFERENCES 


Factors Influencing Selection of Commercial Power Transistor Heat Sinks. 
Page 12-19 


How to get more Value out of a Power Transistor Data Sheet. Page 12-3 


Determining Maximum Reliable Load Lines for Power Transistors. Page 12-13 


e For devices meeting military specifications, see page 1-18. 
e For Meg-A-Life devices with certified reliability, see page 1-21. 


e For case outline dimensions, see page 1-26. 


HIGH POWER TRANSISTORS 


Motorola high-power transistors include both germanium and silicon devices. 
Generally, these transistors are characterized for both amplifier and switching 
applications requiring power dissipation ratings up to 170 watts. 


APPLICATIONS SELECTION GUIDE 


The following tables list the preferred power transistors for specific appli- 
cations categories. For more detailed specifications, refer to individual speci- 
fication sheets, 


(Table I) 


Preferred Power Transistors for Audio Amplifier Applications 


(Table IT) 


Preferred Power Transistors for.DC Amplifier and Series OR Shunt 
Regulator Applications 


(Tables III, IV, V) 


Preferred Transistors for Power Inverter Applications 
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SELECTOR GUIDES 


TABLE | — AUDIO AMPLIFIER TRANSISTORS 


POWER 
2N3713*N 2N3713*N 2N3716*N 2N3489*N 
1W 2N3611 3N3612 2N3615 2N3616 . 2N2141 2N2527 
2N3713*N 2N3716*N 2N2833 2N2834 
2N3613 2N2832 2N2832 2N2146 2N2527 
2N3617 2N3618 
2N2833 
10W 2N3613 2N3614 2N2832 2N2832 2N2146 
2N3617 2N3618 2N3492*N 
2N3715*N 2N3716*N 2N2833 
2N1557 2N1558 2N1599 2N2832 2N1548 
2N1547 2N3492*N 
2N3716*N 2N1548 
100W 2N2156 2N2157_—. 2N2154 2N3492*N 


NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 


* Silicon 
N NPN 


2N3713*N 2N3716*N 


_ TABLE Ii — DC AMPLIFIERS AND SERIES OR SHUNT REGULATOR TRANSISTORS 


Vce MAXIMUM VOLTAGE AT SPECIFIED CURRENT; LIMITED BY SAFE AREA 


60V 
2N3615 
2N3611 2N3611 2N3612 2N3713*N 2N2141 2N2527 
2N3715*N 2N3713*N 2N2075 
2N1541 2N3313 
_ a 


2N3312 
NOTE: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED 


2N3715*N 
2N3313 
2N2153 


* Silicon 
N NPN 
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TABLE II] — LOW FREQUENCY INVERTER TRANSISTORS (60-400 CPS) 


TRANSISTOR VOLTAGE RATING (BVces) 
POWER 
ce 
2N3713*N 2N3714*N 2N3489*N 
2N3611 2N1541 2N1542 2N1543 2N2527 
2N3714*N 2N3714*N 2N3489*N 
2N1539 2N1540 2N1541 2N1542 2N1543 2N2527 


2N3715*N 2N3716*N 2N3491*N 
2N1557 2N1558 2N1546 2N1547 2N1543 2N2527 


TABLE IV — MEDIUM FREQUENCY INVERTER TRANSISTORS (400CPS-10 KC) 


TRANSISTOR VOLTAGE RATING (BVces) 
POWER 
curuy os | so | as | Te Tmt to 


2N3713*N 2N3714*N 2N3489*N 
2N2912 2N3611 2N3612 2N1551 2N1552 2N2527 2N2527 
2N2526 

2N3715*N 2N3716*N 2N3489*N 

100 2N2728 2N2082 2N2081 2N1551 2N1552 2N2527 2N2527 
2N3715*N 2N3716*N 2N3491*N 2N2527 2N2528 
2N2832 2N2079 2N2527 2N2834 2N2834 
2N2080 2N2832 2N2833 


TABLE V — HIGH FREQUENCY INVERTER TRANSISTORS (10 KC-50 KC) 


2N3026* 
2N3025* | 2N3713*N 2N3714*N 2N3489*N 
2N2912 2N2832 2N3445*N 3N3 446 *N 2N2833 2N2834 
2N2832 2N2833 


ON3T15* 2N3446*N 
ial 2N3447* 2N3716*N || sees 
2N2832 9N2833 
2N3716* 2N3492*N 
2N2833 2N2833 


NOTES: ALL TRANSISTORS ARE GERMANIUM PNP UNLESS OTHERWISE NOTED. 


* INDICATES SILICON TRANSISTOR 
N INDICATES NPN TRANSISTOR 
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GERMANIUM POWER TRANSISTOR SPECIFICATIONS 


BREAKDOWN VOLTAGE SATURATION VOLTAGE 
Vee(ut} @ le/ls 
Rw eae wis eta 


e 
oe 8 


eeses,° cesses essssss 
wo oC & WWI 63 GO an ca 63 G9 
COUS@So SOS SEassss 


SSP Per eer ee Serer s= 


= pao ome bas feed pee 
MNRnaann aq” CQOOAA ANIA Qooanada 


mrosf9e99 S99 


50/100 
17/40 
25/50 


MAIOMNIQVON KRIVOSIVDIIOIMN Tay 3s HMAIOSONS MOOSCH WM ISOGWW Os 


0. 
0, 
0. 
1. 
0. 
0 

0. 
1, 
0 

0 


lc = 20 amps (max) 
MP1612 


Ie = 25 amps (max) 
2N2912 


le = 30 amps (max) 


2N2152° 
2N2155* 
2N2153* 
2N2157° 
2N2154° 
22158" 


ic = 50 amps (max) 
2N2728 


2 watts Audio 


2N554 
2N555 
2N178 
2N178 
2N669 


4 Watts Audio 


2N350A 

2N351A 

2N376A 
; Available as Pent Seal Units © BV © BVogpR: R = 100 ohms 
@ For TO-41 order MP2137, etc. @ BY Gnas R = 30 ohms @ ze a 
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GERMANIUM POWER TRANSISTOR SPECIFICATIONS 


SATURATION VOLTAGE 
Veetuary @ le/ts 
volts max 


° 
. 


° 
aamag 
e 

° 


GRRASS BESSSS AKSSSS 


awn 
. 
ee 


SCOwmoan Bouand Bowman 


e 
e 


patient he CO mR Oooo ~m~OOOCo 
nano 

ESPerss eresee eresss 

ELLLLS SUSELE SELLS 

SSSSss Ssssss Sssssss 

NMMNNWD NNWNND N19 090 09 

eessess ssssse ssssss 


° 
e 


oroorr 
eesrsss 


° 
Cer 


e 
° 


te ee ad 


. 


BANWUIIWE SCANUWGSAGONUG KP wr OAONG “SS DWQNUS CBOrKKOoo 


i<) 


e 
eer) 


ooooo°o0oooo goooscsso oooceocoeo 
WWWWNN WAWWWWONOHD WH WWW NWh& WiINtAEWOWh fh 69 608 to 


eee 


50/100 
75/150 


° 


SSS SDI DS DSSS. NSD SSSA SSS ISDS SS SPD DDE 


2 
2 
3 
3 
0. 
0. 
2 
3 
3 
3 
3 
0. 
3 
3 
3 
3 
0 
3 
3 
3 
3 
3 
3 
3 
0 
3 
3 
3 
3 
3 
3 
2 
2 
3 
3 
3 
3 


WWD WOWWWOWHWE WWWOWNOH WWNWWWWN th 69 to 0 


Sorrer Serres 


Ssssss 8S: 


reese 


SSIS SES DSSS 


—~ 
ooooo 
e e 


WWWOWE W990 69C8 
0909.09 0969 69 69 69 69.09 69 69 
SSSoOSS SSoOCCS 
sever ers es 
WHWWWW WoWwwocLte 
§ 
AIMDIVS BYRIIGH 


S 
= 


le = 10 amps (max) — (ndustria! 
Case 4 

2X627 

2N628 


2N629 
2N830 


SILICON POWER TRANSISTOR SPECIFICATIONS | 


SATURATION VOLTAGE 
Vee(ut) @ lc/Is 
volts max amps 


le = 3 amps (max) — PNP 
2N3021 


2N3024 
2N3719 
2N3022 


20/60 
50/180 
25/180 
20/60 


50/180 


25/180 
50/180 


2N3025 
2N3023 
23720 
2N3026 


Ic = 5 amps (max) — NPN 


Sssss ssss 


WWWW Witt 
WWWes wWtwt ts 


Pat One pet ped peal pea pe pe 
tadalte wt t—y—) 
. 8 ° ° 
Omang amo 
> 


aB> Bm Be fe he De of he 


le = 7.5 amps (max) — NPN 
2N3445 


Soces Sosce 
Naan wont 


3 1.5 
3 1.2 
5 1.5 
5 1.5 
3 1,2 
3 1.5 
5 1.5 
5 1.5 
3 1.2 
5 1.5 


Hew ng coon tw to 


SS 


2N3715 


2N3055 
2N3714 
2N3716 


le = 10 amps (max) — PNP 
2N3789 25/90 
2N3791 : 60/150 
25/80 


2N3790 5/80 . 
2N3792 50/150 


@ Solid Header @ See data sheet for safe area operation 


20/70 
25/90 
50/150 
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Motorola Power Transistors 


n1l73 For Specifications, See 2N277 Data Sheet 
an174 Po = 150 W 
c= I15A 

eNT1O0 Vcso = 80-100 V 
2N1358 ‘ : . 

PNP germanium power transistors. Power dissipa- 
CASE 5 tion and junction temperature ratings exceed those of 
(TO-36) EIA registration. 


a 


Thermal Resistance, Junction to Case 
(Motorola Units) 


150 The maximum continuous power is related to maximum 


junction temperature by the thermal resistance factor. 

This curve has a value of 150 Watts at case tempera- 
‘tures of 25°C and is 0 Watts at 100°C with a linear relation 
between the two temperatures such that: 


ad 
oOo ~~ 
So 6 


Py, POWER DISSIPATION (WATTS) 


60 : 
100° — T 
30 allowable Py = oe 
0 
0 20 40 60 80 100 
Te, CASE TEMPERATURE (°C) 
2N174 AND 1358 2N1100 
- = 
ia 
40 
ot} |} i ft | 
20 
g 10 a 
# Ee s 
= 3} d : 2 
G3 Seah Eee 5 
2 -tIAN | WY iS 
\ 
5 170-WATT S 
4 1 F-POWER DISSIPATION AT | 
3 25°C CASE TEMPERATURE 3 
0.5 ¢ 
ee SO 
0.2 
Oty 10 20°30 405060 70 80 90 100 “0 | i | | a  () 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vcz limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T3, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 


Motorola Power Transistors 


2N174, 2N1100, 2N1358 (continued) 
ELECTRICAL CHARACTERISTICS 


Collector-Base Cutoff Current 
(V., 2 -2 volts) 2N1100 
CB 2N1358 
Collector-Base Cutoff Current 
(Vig = -1.5 volts, V., = -80 volts) 2N174 
Bei CB 100 2N1100 
-80 2N1358 


Emitter-Base Cutoff Current 
= -60 volts) 
-80 2N1100 
-60 2N1358 


Collector-Base Cutoff Current 
Vop = - 80 volts, 71°C) 
~100 2N1100 
- 60 2N1358 


Emitter-Base Cutoff Current 
(Vex = -30 volts, 71°C) 


Collector -Emitter Voltage 
(Ig = 300 mA, V 


= 0) 
EB 2N1100 


2N1358 


Collector-Emitter Voltage 
(Ic = 1.0 amp, Ip = 0) 2N174 
1.0 amp, Ip =0 2N1100 
300 mA, Ip =0 2N1358 


Floating Potential 
(Iz = 0, VcBp = - 80 volts) 2N174 
-100 2N1100 
- 80 2N1358 


Current Gain 
(Ic = 1.2 amps, VCB = -2 volts) 2N1358 
(Ic =5 amps, Vcp= -2 volts) 2N174 
2N1100 
2N1358 
(Ic =12 amps, Vcg = -2 volts) 2N174 
2N1100 


Base-Emitter Voltage 
(Ic = 1.2 amps, Vcp = <2 volts) 2N1358 
(IC =5 amps, Vcp = -2 volts) 2N174 
2N1100 
2N1358 


Saturation Voltage 
(Ic = 12 amps, Ip = 2 amps) 2N174 
2N1100 
2N1358 


Common-Emitter Current Amplification 
Cutoff Frequency 


(Ic = 5 amp, Vcr = 6 volts) 2N174 
2N1100 
Common-Base Current Amplification 
Cutoff Frequency 
(Ic = 1 amp, Vcp = -12 volts) 
Rise Time ("on" Ic = 12 Adc, 
Ip = 2 Adc, VCE = -12 volts) 
Fall Time ("‘off"' Ic = 0, 
VEB = -6 volts, Rep = 10 ohms) 


* In order to avoid excessive heating of the collector junction, perform test by the sweep method. 
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Motorola Power Transistors 


2N174, 2N1100, 2N1358 (continued) 


CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 


le, COLLECTOR CURRENT (AMPERES) 


Vax» BASE VOLTAGE (VOLTS) 


Po = 90W 
Ie =3A 
Vero = 40V 

PNP germanium power transistors for economical 
power switching circuits and commercial grade power 
amplifier applications. 


Storage and Junction Temperature bear iets to +100 
TU 'C Case Te aa 


(At 25°C Case Temperature) 
SAFE OPERATING AREAS 


Thermal Resistance 
(Junction to Case) 


*2N176 figure is Vcer, 2N669 figure Is Vces 


2NGE9, 2N176 

| RE EPEAT 
_— POWER O OISSIPATION 

r) aes al 25°C CASE TEMPERATURE 


The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of. the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Ty, the,power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 


COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER VOLTASE (VOLTS) 


Motorola Power Transistors 


2N176, 2N669 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Collector-Base Cutoff Current 
Voz =30V, Ip =0 
Vcp =2.0V, Ip =0 
Vcs = 30 Vv, Ip = 0, To = 90°C 


Emitter-Base Cutoff Current 
Vep = 10 V; Io =0 


Collector-Emitter Breakdown Voltage 
Iq = 330 mA, Rpg = 10 Ohms 


Collector-Emitter Saturation Voltage 
Ic =3A, Ip = 300 mA Both Types 


DC Forward Current Transfer Ratio 
Vor =2.0V, Ic =0.5A 2N176 


2N669 


Power Gain 
Po = 2 Watts, Vor =12 V, Io = 0.5 Amp, 
f = 1 kc, Rg = 10 Ohms, Ry, = 26.6 Ohms 2N176 
2N669 


Total Harmonic Distortion 
(under same conditions of power gain) Both Types 


Small-Signal Current Gain Cutoff Frequency 
Vor = 12 V, Ip = 0.5 Amp, f = 1 ke ref 2N176 
g 2N669 


Small-Signal Forward-Current Transfer Ratio 
Veg =2.0 V, Ip = 0.5 Amp, f = 1 kc 2N176 
2N669 


Smali-Signal Input Impedance 
Vor? 2.0 V, I, = 0.5 Amp, f =1ke 2N176 
2N669 


CAPUT CURRENT verses EMITTER DRIVE VCLTAGE POWER-TEMPERATURE CERATING CURVE 
(Both Types) 


(Both Types) 
is De Ee GS De HH 


ae PN ee ld 
- fe PIN EL 
PEEP Ne 
E 
Let ttt terry | "CLELELTTTELnN 


Vag, BASE-EMITTER VOLTAGE (VOLTS) To, CASE TEMPERATURE (°C) 
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Moforola Power Transistors 


2N554, Pp = 40 W 
le =3A 
2N555 Vero = 15-30 V 


\l e— > PNP germanium power transistor for non-critical 
oo oss power amplifier and power switching applications re- 
quiring economical components. 


MAXIMUM RATINGS 


ee 
[eamererner [reno f * |» | 
oe 
oo 
a 


Junction and Storage Temperature Range Ty Tstg -40 to +90 


4 
= 
t 4 
°o 
= 
POWER-TEMPERATURE DERATING CURVE a 
(All Types) s 
[+ a4 
E 
o 
a. 
i 
2N178, 2N555 SAFE OPERATING AREAS 2N554 
40-WATT 
POWER DISSIPATION AT 
30°C CASE TEMPERATURE 
— POWER DISSIPATION oe 
iA 30°C CASE TEMPERATURE eal 
COLLECTCR-EMITTER VOLTAGE (VOLTS) COLLECTCR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vcz limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T3, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. State and pulse power conditions. 


a 
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Motorola Power Transistors 


‘2N178, 2N554, 2N555 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


a ee 


Collector-Base Cutoff Current 
(Voz = 30 V, IL = 0) 2N178 


E 
a = 15 V, I 0) _ 2N554 


CB E 
(Vaz = 30V, I, 0) 2N555 


Collector-Base Cutoff Current 
. (Von =2V, Ip = 0) 


Emitter-Base Cutoff Current mA 
(Veg = 10 V, Io = 0): : 2N178 
Collector-Base Cutoff Current 
(Von = 30 V, In = 0, 
To = 90°C) 2N178 
Collector-Emitter Breakdown Voltage 
(i, = 330 mA, Rap = 102) 2N178 


Power Gain 
(P, = 2 Watts; Vor 


f{ = 1 kc, R, = 100Ohms, R 


= 12V, 1, =0.5A4, 2N178 


Cc 
a 26.6 Ohms) 2N554 
2N555 


Total Harmonic Distortion 
(under same conditions as power gain) 


DC Forward Current Transfer Ratio 
(Vag = 2, IQ = 0.54) 2N178 


Small-Signal Current Gain Cutoff Frequency 
Vor = 12 V, In = 0.5 A, 2N178 


f = 1 ke ref) 


Small-Signal Forward Current Transfer-Ratio 
(Base Input) 
Vor = 2Vs 1g = 0.54, 2N178 
f = 1 ke ref) 


Small-Signal Input Impedance (Base Input) 


=2V,1, = 0.54, 2N178 


Collector-Emitter Saturation Voltage 
i, = 3A, I, = 300 mA) 


fades CHARACTERISTICS INPUT CURRENT versus INPUT DRIVE VOLTAGE 

240: 
Oe 8 dO 

. a aa 

B = 180 || | ven = a 

: | se ee 

: Se i a, 

: ed 

: 2, 

& 3 

cs 80 : 

: a sep sneeee 


0 02 04 06 08 10 12 14 16 18 2:0 
Ven» COLLECTOR-EMITTER VOLTAGE (VOLTS) Ves, INPUT DRIVE VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2n242 . Po = 90 W 
le =5A 
2N307, A Vcso = 35-45 V 
! 
Yh; PNP germanium power transistors for general pur- 
CASE 1 ‘ = Gee pose power amplifier and switching applications. 


ABSOLUTE MAXIMUM RATINGS 
Characteristic Symbol 2N242 2N307, 307A Unit 


Collector-Base Voltage 
Collector-Emitter Voltage (Ror = 302) 
Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current 


Junction Temperature Range -65 to +110 -65 to +110 


Collector Dissipation (at T,, = 25°C) 


Characteristic Min Max 


Collector- Base Cutoff Current 
(VcB = -2 Vdc) 2N307 
(Vop = -25 Vdc) 2N307 
2N307A 
(Vop = -1 Vdc, Ip = 0,To= 85°C) 2N242 


Emitter- Base Cutoff Current 
(Vez = -10 Vdc) All Types 


Collector-Emitter Cutoff Current 
(Vog = -45 Vde, Rope 2302) 2N242 
(Vcg = -25 Vdc, RpE = = 302) 2N242 
(Vop = -35 Vde, Rpg = 302) 2N307 
2N307A 


Base-Emitter Voltage VBE 
(Vck = -1.5 Vdc, I¢ = 1.0 Adc) 2N242 


Collector-Emitter Saturation Voltage VCE(sat) 
(Ic = 2.0 Adc, Ig = 200 mAdc) 2N242 
(Ic = 0.2 Adc, Ip = 20 mAdc) 2N307 
(Ic = 1.0 Adc, Ip = 100 mAdc) 2N307A 


DC Current Gain 
(VcR = -12 Vde, Ic = 500 mAdc) 2N242 
(VCE = -1 Vde, Ic = 200 mAdc) 2N307 
2N307A 


Common Emitter Cutoff Frequency 
(Vcr = -12 V, Ic = 0.54) 2N242 
2N307A 
(Vor = -6V, Ic = 1A) 2N307 


Power Gain 
(Ic = .0.5A, Vcg = -14V, Ry, = 302, 2N242 


Rg = 102) 
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Motorola Power Transistors 


an2/7 


an2/8 Pp = 150W 
I= I15A 
2N173 Vcso = 40-60 V 
2N1099 
PNP germanium power transistors for general pur- 

pose power amplifier and switching applications. Pow- 

er er and temperature ratings exceed EIA registration. 
(TO-36) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base 
Voltage 


Symbol 


Emitter-Base 
Voltage 


Emitter Current 
(Continuous) 


Base Current 
(Continuous) 


Junction and Storage 
Temperature 


Thermal Resistance 
Junction to Case 


2N1089 


~ 


lc, COLLECTOR CURRENT (AMPS) 


2N277 


2N278 2N173 2N1099 Unit 


2N277 


| ANS 86285 


ag Cd cas ae CORURES Sree) | 
03 asp en i 
oz (ani7e zatasg rn PA LT ee eee eee Se ameurD Bll 
BACK BIAS a (PULSE CURVES ONLY) 

ata cS a5 

Ol = | —H 
r) om 30 © 8 & M0 120 0 4 8 ww Ow 100 10 2 30 4 90 10 r) x a C) 

COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) CORLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vcp limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ts, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


Motorola Power Transistors 


2N277, 2N278, 2N173, 2N1099 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature) 


ee 


Collector-Base Cutoff Current 
Vcso =-2V 


Collector-Base Cutoff Current ‘ 
Vv =-1.5 V, V, = -40 V 2N277 

=P —- —50 2N278 8 

—60 2N173 8 

-80 2N1099 8 


Emitter-Base Cutoff Current 
V = -20V 2N277 8 
EBO "30 2N278 8 
—40 2N173 8 
—40 i 2N1099 8 


Collector-Base Cutoff Current 


Vv = -40 V, 71°C 2N277 
oad —50 2N278 
-60 2N173 


80 2N1099 


Collector-Emitter Voltage 
= 300 mA, Vrp = 0 2N277 
'c etn 2N278 
2N173 
2N1099 


Collector-Emitter Voltage 
Ico = 1 Amp, Ip =0 2N277 
- 2N278 
2N173 
2N1099 


Floating Potential 


Ip =0, Vag = -40V 2N277 
: oe —50 2N278 
-60 2N173 


—80 2N1099 


Current Gain 
Io =5 Amps, Vop=-2V All Types 
Ic = 12 Amps, Vcop = -2 V 


Base-Emitter Voltage 
Io = 5 Amps, Vop = -2 V 2N277 
2N278 
2N173 
2N1099 


Saturation Voltage 
Ic = 12 Amps, Ip = 2 Amps 2N277 
2N278 
2N173 
2N1099 


Common-Emitter Current Amplification 
Cutoff Frequency 


Ic =5 Amps, Vop = -6V 


Rise Time 
"on" Io = 12 Adc, All Types 
Ip =2 Adc, Vop = -12 V 


Fall Time 
"off" Io =0, 


Motorola Power Transistors 


2N277, 2N278, 2N173, 2N1099 (continued) 


POWER-TEMPERATURE DERATING CURVE INPUT CHARACTERISTICS 


SRR 
eMedia hae 
ES eeBeoeee. 
Se eee eRe! 


0.5 


BS o4 
See ode ede, el aes 
i} 
< 
= | | {| {ttt iAs 
w 0.3 
= vo f / 
5 |p attt/ 
has 
” 
2 Ti {il JY | 
e maximum continuous ~ 02 
power is related to maxi- - a y, AY | | 
mum junction temperature 
Byhe thermal ease Senene7 150 
factor. 
This curve has a value of 0.1 


150 Watts at case tempera- 

tures of 25°C and is 0 Watts 

at 100°C with a linear rela- 0 
tion between the two tem- 

peratures such that: 


Vu» BASE-EMITTER VOLTAGE (VOLTS) 


allowable Pp = 100° XG Te 


CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 


| Soe 


LA 


Ic, COLLECTOR CURRENT (AMPERES) 
oa 
Ic, COLLECTOR CURRENT (AMPERES) 


Ip, BASE CURRENT (AMPERFS) Ver, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


Po = 90W 


2n297 A L=5A 


Veso = 60V 
CASE 1 3 ; 
(TO-3) 


MAXIMUM RATINGS 


es 

a 
i re 
xo [ 
a 


PNP germanium power transistors for military and 
industrial power switching and amplifier applications. 
Operating temperature range and collector dissipation 
rating excedes military specifications. 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current 


Operating Temperature Range 


—65 to +95 “Cc 
(MIL-T-19500A/36) 
Operating Temperature Range —65 to +110 °C 
(MOTOROLA 2N2974A) 
Collector Dissipation at 75°C Po 
Case Temperature (MIL-T-19500A/36) 
Collector Dissipation at 25°C 


Case Temperature (MOTOROLA 2N297A) 
(856 = 0.8°C/W max) 


POWER — TEMPERATURE 
DERATING CURVE 


0 
0 20 40 60 80 100 110 
Tc, CASE TEMPERATURE (°C) 
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Motorola Power Transistors-—— 


2N297 A (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


DC Current Transfer Ratio 
Vozp= 2V 
0.5 Adc 
DC Current Transfer Ratio 
Vor = 2V 
= 2.0 Adc 
Small-Signal Current Transfer Ratio 
Cutoff Frequency 
Voge = 14 Vdc 
Io = 0.5 Amp 


Emitter-Base Cutoff Current 


Veep = 40 Vdc 


Collector- Base Cutoff Current 
VcB = 2 Vdc 
In = 0 
Collector-Base Cutoff Current 
Vos = 60 Vdc 
Ip = 0 
Base Current 
Vor = 
Io = 
Base Current 
Vcr = 
Io = 
Emitter-Base Voltage 
Voge = 2 Vdc 
Ic = 2 Adc 
Floating Potential 
Vos = 60 Vdc 


(Voltmeter input resistance 
= 10 Megohm min) 


Collector-Emitter Saturation Voltage 
Ig = 2 Adc 
Ip = 200 mAdc 
Collector-Emitter Voltage 
Ic = 300 mAdc 
Ip= 0 
Collector-Emitter Voltage 
Ic = 300 mAdc 
VeB = 0 
Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 


VcE = 14 Vdc 
= 0.5 Adc 


High-Temperature Operation 
To = +71°C min 


Collector Cutoff Current 


Vos = 30 Vdc 
Ip = 0 


Motorola Power Transistors 


2n307 


ongO7A For Specifications, See 2N242 Data Sheet 


2n35D0A Po = 90W 
oNoDIA ve ae 


2N376A 


PNP germanium power transistors for economical 


power switching applications and for power amplifiers 
CASE 2 requiring up to 4 watts of output power at relatively 
(TO-3) 
MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 


low distortion. 


Collector Dissipation 
at 25°C mounting base temperature 


é 


CURRENT GAIN versus POWER TEMPERATURE 
COLLECTOR CURRENT (COMMON EMITTER) SAFE OPERATING AREAS DERATING CURVE 


ag 0 ae 
iA 


A 


90-WATT a 
POWER DISSIPATION N 
25°C CASE TEMPERATURE 


asl 
aoe 


ze, OC CURRENT GAIN 
@ 
° 


h 
> 
So 


60 60 480 100 


0 ' 2 3 4 5 0 10 20 30 50 fe) 20 
COLLECTOR CURRENT (AMPERES) COLLECTOR-EMITTER VOLTAGE (VOLTS) MOUNTING BASE TEMPERATURE (°C) 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 


Vcs limits below which the device will not go into _ change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Tz, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N350A, 2N351A, 2N376A (continued) 


ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C + 3°C.) 


’ Collector Cutoff Current 


Vcs = 30 V, T = 100°C 


Collector Breakdown Voltage 
IG=1A (Raw = 102) 
Ic = 330 mA, Raz = 0 


(This test should be made 
under dynamic conditions only) 


ELECTRICAL CHARACTERISTICS (at mounting base temperature 25°C + 3°C.) 


COMMON EMITTER 


Power Gain (+0.5 db) 
P, = 4 Watts, Vog = 12 V, 
Io = 0.7A, f= 1ke 


Total Harmonic Distortion 

under same conditions as power gain 
DC Forward Current Gain 

Vogp =2V, IC =0.7A 


Current Gain Frequency Cutoff 


Vor = 12 V, Io = 0.74, 
f = 1 kc ref 


oo 
a] 


Oo 
s 


~~] 

-~J 

J 
i igfa 


Small-Signal Forward Current Gain 
f=1ke, Vop =2V, 1c =0.7A 


a 


ele al | ste 


a2 
@ 


| Small-Signal Input Impedance 
f=1ke, Vog =2V, Ic =0.7A 


Collector Saturation Voltage Vv 
Io =3 A, Ip = 300 mA CE(SAT) 


Base-Emitter Voltage 
Io =3A4, Ip = 300 mA 


Collector Saturation Voltage V 
I, = 4A, Ip = 400 mA cee 


Base-Emitter Voltage 
I, =4A4, Ip = 400 mA 


< 
wo 
B 


f 


< 
w 
rs] 


Collector Saturation Voltage Vv 
Ig =5A, Ip = 500 mA CE(SAT) 


Base-Emitter Voltage VBE 
Io =5 A, Ip = 500 mA 
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Motorola Power Transistors 


2N350A, 2N351A, 2N376A (continued) 


OUTPUT CURRENT versus INPUT CURRENT versus 
EMITTER-DRIVE VOLTAGE EMITTER-DRIVE VOLTAGE 


et Le | i oo 
ott tt tA (Ex eReSr Rw 
fe 2) at 


; anssoa}| | [7] | | 

TOT NS 

Tee i 2 i 7 
eee 


TTT CCEA 
TOW SSR 58 ee 
any 45e0 

TZ 


120 


id 
fe] 


30 


Ic, COLLECTOR CURRENT (AMPERES) 
wa 


I,, BASE CURRENT (MILLIAMPERES) 


Veg? 2 VOLTS = Vee = 2 VOLTS 
ease senee A 


° 


40 


Fa 
entries 


6 8 10 t2 14 16 18 o 2 4 8 tO 2 14 16 18 
Veg, BASE TO EMITTER VOLTAGE (VOLTS) e, BASE TO EMITTER VOLTAGE (VOLTS) 
Po. = 90W 
2n3/5 eat 
2N618 Veso = 50-120 V 
2N1359 
2N1360 
2N1362 thru 2N1365 


PNP germanium power transistors for general pur- 
CASE 1 pose switching and amplifier applications. 
(TO-3) 
MAXIMUM RATINGS 


2N1359  2N375  2N1362 =: 2N1364 | 
Characteristic Symbol 2N1360 2N618 2N1363 2N1365 Unit 


Collector-Base Voltage 

Collector-Emitter Voltage s _ 75 ~—_100 
Emitter-Base Voltage : 40 S50 60 
Collector Current (Continuous) 3 


Collector Current (Peak) 10, =—__ Amps _ 


Collector Junction 
Temperature Range 


Collector Dissipation 
(25°C Case Temperature) 


Thermal Resistance 
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"Motorola Power Transistors 


2N375, 2N618, 2N1359, 2N1360, 2N1362 thru 2N1365 (continued) 
ELECTRICAL CHARACTERISTICS (At= 25°C unless otherwise noted) 


B= 9% 


(Vcp = 60 V, Ig = 0) 2N375, 2N618 
(Vcp = 80 V, Ig = 0) 


(Vop=75V, Ig = 0) 2N1362, 2N1363 
(VcBp = 100 V, Ig = 0) 


(Vcop = 100 V, Ig = 0) 2N1364, 2N1365 
(Vcp = 120 V, Ig = 0) 


Collector-Base Cutoff Current 
at Tc = +90°C 
Vos = 1/2 BVCES rating 


Emitter -Base Cutoff Current 
(VER = 12V, Ic = 0) All Types 


(Ven = 25V, Ic = 0) 2N1359, 2N1360 
(Vep = 50V, Ic = 0) 2N1362, 2N1363 
(VEB = 60V, Ic = 0) 2N1364, 2N1365 


Collector-Emitter Breakdown 

Voltage 

I, = 500 mA, VERB 2N1359, 2N1360 
2N375, 2N618 
2N1362, 2N1363 
2N1364, 2N1365 


DC Current Transfer Ratio 

(Voce =4V, I, = 1.0) 2N1359, 
2N1360, 

(Vck = 4V, Ig = 1.0A) 2N1359, 
2N1360, 


Transconductance 

(VcE = 4V, Ic 2N375 
2N618 
2N1359, 2N1362, 2N1364 
2N1360, 2N1363, 2N1365 


Frequency Cutoff 

(VcE = 4V, 2N375 

(Vcr 4V, ] 2N618 

(Vom = 4V, 2N1359, 2N1362, 2N1364 
(VCE = 4V, 2N1360, 2N1363, 2N1365 


Collector Saturation Voltage 
(I, = 2.0 A, Ic = 200mA) 2N1359, , 1362, 64 
2N1360, , 1363, 65 


Base-Emitter Drive Voltage 
(I, = 2.0A, Ip = 200 mA) 2N1359, 375, 1362, 64 
2N1360, , 1363, 65 


Collector-Emitter Punch- 
Through Voltage 
0) 2N1359, 2N1360 
0) 2N1362, 2N1363 
= 0) 2N1364, 2N1365 
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Motorola Power Transistors 


2 i | 
N27 > (continued) The maximum continuous power is 


related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. Ford.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 
temperatures such that 


POWER-TEMPERATURE DERATING CURVE 


POWER DISSIPATION 
P, (WATTS) 


Tc, CASE TEMPERATURE (°C) Ph allowable = 110° - Tce 
. 08 
BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT CURRENT GAIN versus COLLECTOR CURRENT 

140 
a 
= 120 
S 
ba z 
= S 100 
S a 
[= 4 [- <4 
= = 80 
2 = 60 
[+o] 
° 2N1359 
> 49 [—2N375 

2N1362 
20 N 
0 0.5 1 15 2 25 3 385 15 2 25 
lc, COLLECTOR CURRENT (AMPS) Ic, COLLECTOR CURRENT (AMPS) 
2N375, 2N618 SAFE OPERATING AREAS 2N1362, 2N1363 


a psec 
OR LESS 
—<\— 


COLLECTOR CURRENT (AMPS) 
COLLECTOR CURRENT (AMPS) 


TO 75V, 


TO SOV, 3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


V,3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


0 5 10 15 20 25 30 35 40 45 50 55 60 65 


COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
VceE limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ts, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


on3/6A 


For Specifications, See 2N350A Data Sheet 


2NG/8 thru 2N3SO Po = 90W 


Ic =5A 
2N459,A Veso =to 105 V 
PNP germanium power transistors for general pur- 
CASE | ee icra are 
(TO-3) pose power amplifier and switching applications. 


MAXIMUM RATINGS 
Characteristic 


Collector -Base Voltage 


Collector-Emitter Voitage 
(Ver = 1.5 V) 
(VBE = 1.0 V) 


Collector - Emitter Voltage (Rpr = 0) 
Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current 


Junction Temperature Range 


Characteristic 


Collector-Base Cutoff Current 
(Vcop = -25 Vdc) All Types 
(VCB = -25 Vdc, Ta= 85°C) All Types 


Emitter-Base Cutoff Current 

(Veep = -10 Vdc) 2N380 
2N459 

(VER = -25 Vdc) 2N459A 


Collector Cutoff Current 


(Vcr = -40 Vdc, VBE = 1.5 Vdc) 2N378 
(Vcg = -80 Vdc, Vgp = 1.5 Vdc) 2N379 
(Vcr = -60 Vdc, VBE = 1.5 Vdc) 2N380 
(Vcr = -105 Vdc, VBE = 1.5 Vdc) 2N459 


Collector- Emitter Breakdown Voltage 
(Ic = 100 mAdc) 2N378 

2N379 

2N380 

2N459, 2N459A 


Base-Emitter Voltage 
(Ic = 2Adc, Veg = -2 Vdc) 2N378 

2N379 ,2N459, 2N459A 

2N380 
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Motorola Power Transistors 


2N378, thru 2N380 2N459, 2N459 A 


ELECTRICAL CHARACTERISTICS (at Te = 25°C unless otherwise specified.) 


Characteristic Symbol Min Max Unit 


Collector-Emitter Saturation Voltage VCE(sat) Vdc 
(Ic = 2 Adc, Ip= 0. 2 Adc) 2N378-2N380, 2N459 ; 
2N459A 


DC Current Gain 

(Ic = 2Adc, Vor = 2 Vdc) 2N378 
2N379, 2N459 
2N380 
2N459A 

(Ic = 5 Adc, Vcr = -2 Vdc) 2N459A 


hFE 


Common Emitter Cutoff Frequency 


(Ic = 1A, Vog = -2V) 2N378-2N380, 2N459 
(IC = 2A, Vcr = -2V) 2N459A 


Po = 150 W 

Ic =I15A 

Veoso = 40-60 V 
PNP germanium power transistors for power switch- 


ing andamplifier applications. Power and temperature 
ratings exceed EIA registration. 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 


Emitter-Base Voltage VEBO 
Emitter Current (continuous) a 


[= 


POWER-TEMPERATURE DERATING CURVE 
The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 150 Watts at 
case tgmperatures of 25°C and is 0 Watts 
at 100 C with a linear relation between 
the two temperatures such that: 


Pp allowable = 100° - Tc 
Tc, CASE TEMPERATURE (°C) 0.5 


Base Current (continuous) 


Junction and Storage Temperature 
Thermal Resistance 


Pp, POWER DISSIPATION (WATTS) 
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Motorola Power Transistors 


2N441 thru 2N443 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic | symbol | 


Collector-Base Cutoff Current ; ee 
IcBo 


VcBO =-2V All Types 


:~ 
E 


Collector-Base Cutoff Current 
V = -1.5 V, Vep = -40 V 2N441 
BP : —50 2N442 

—60 


Collector-Base Cutoff Current 
Ty, = 71°C, V = -—40 V 2N441 
5 CBO" 250 2N442 


—60 
Emitter-Base Cutoff Current mA 
Vv =-20V 2N441 
EB 
- —30 2N442 


—40 


Collector-Emitter Voltage 
= 300 mA, Vpp = 0* 2N441 
'c e 2N442 


Vdc 


w 

< 
QD 
I 
~n 


ono 


BVcrO 


IoBo 
Ion 
Collector-Emitter Voltage Vde 
Ic = 1 Amp, Ip = 0* 2N441 
VBE 
VBE 
t. 

te 


2N442 


Floating Potential volt 


—50 2N442 


Current Gain 
Ic =5 Amps, Vcp = -2V 
Ig = 12 Amps, Vop = -2 V 


* To avoid excessive heating of the collector junction, perform test with the sweep method. 


Base-Emitter Voltage Vde 


I, =5 Amps, Vap = -2 V 2N441 0.65 
. bai 2N442 0.65 
0.65 


Saturation Voltage 
Iq = 12 Amps, Ip = 2 Amps 2N441 
2N442 


i=) : Co o> 0 


Common-Emitter Current Amplification 
Cutoff Frequency 
In = 5 Amps, Vor =-6V 


Rise Time 
"on" I, = 12 Adc, All Types 
Ip =2 dec, Vor =-12 V 


Fall Time 
"off" Io = 0, All Types 


roy 
ol 
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Motorola Power Transistors 


2N441 thru 2N443 (continued) 


SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T3, the power-temperature 
derating curve must be observed for both steady 
State and pulse power conditions. 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


mo WwW mom 


TT 
1 -— POWER DISSIPATION AT 
25°C GASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 
COLLECTOR CURRENT (AMPERES) 


0.5 
0.4 
0.3 TO GOV, 8mA 
a (2N173, 2N443 ONLY) 
WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 
: . 0.1 i" 4, - < 
0 10 20 30 40 50 0 10 2 30 40 «+50 #46 ~~ «70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N441 thru 2N443 (continued) 


h,,., CURRENT TRANSFER CHARACTERISTICS 
7 
LANL. 


i 
i” 
i 
= 
Ea 
a 
Nw 
NS 


INPUT CHARACTERISTICS 


PTT TT yt tt 
Aaa 
Be gl 


\ 
WN) 


i. 
ced 
Ld 
a 
a 
lm 
A 
\ 
\ 
= 


iy 
i=) 


e 
i 
Ed 
I 
YA 
aN 
/\ 
2 
= 


0.5 


1 2NCen 


25°C 
—40°C 


AN 


~ 
PT NE 
eee 
(|| TINS 
EERE, 
aes 
mee 

ne 
aia 


fn, BASE CURRENT (AMPERES) 


p 


Ie, COLLECTOR CURRENT (AMPERES) , 


fi 

Y/ 22 Se eae 
(ats eae 0 02 0.4 0.6 0.8 1.0 

0 adda ts ibe eed de Wao | Vans BASE VOLTAGE (VOLTS) 


0 0.15 0.3 0.45 0.6 0.75 
14, BASE CURRENT (AMPERES) 


2n4959_A 


For Specifications, See 2N378-38 Data Sheet 


For Specifications, See 2N178 Data Sheet 


2n618 


For Specifications, See 2N375 Data Sheet 


Motorola Power Transistors 


2nN665 — JAN - Po=35W 


Ic=5A 
Vcso = 80 V 


PNP germanium power transistors for driver and 
power output amplifier and power switching applica- 
tions in military and industrial equipment. 


CASE 1 
(TO-3) 


MAXIMUM RATINGS 


Collector-Base Voltage 
Emitter-Base Voltage 


DC Collector Current 
MIL-S-19500/58C 
Motorola Unit 3 


DC Emitter Current 5 


Collector Junction Temperature -65 to +95 


Collector Dissipation 
Derate above 25°C 


Emitter Cutoff Current 
(VeBO = -40 Vdc, Ic = 0) 


Collector Cutoff Current 


DC Current Gain 
(Vc E- -2 Vdc, 
(Vo E = 72 Vdc, Ic 
Emitter-Base Voltage 
(Vcg = -2 Vdc, Iq = -2 Adc) 


Floating Potential VeBF 
(Vop = -80 Vdc, voltmeter input 
resistance = 10 megohms min, t a 1 sec) 


Collector- Emitter Saturation Voltage VcE (sat) 
(ic = -3 Ade, I, = -220 mAdc) 


Collector-Emitter Voltage VcEO 
(Ic = -300 mAdc, Ip = Q) 


72 Adc) 


Small-Signal Short-Circuit Forward-Current 
Transfer-Ratio Cutoff Frequency 
(Voce = -14 Vdc, Ic = -2 Adc) 


Emitter Cutoff Current 
(VeRO = -30 Vde, Ic = 0, Ta= +71°C min) 


Collector Cutoff Current 
(VoBo = -30 Vde, Ig = 0,TG = +71°C min) 
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Motorola Power Transistors 


2N665 (continued) 


he: versus TEMPERATURE 


120 
100 


% OF hz, AT 25°C 


Te, CASE TEMPERATURE (°C) 


The Safe Operating Area 
Curves indicate Ip — Vcr 
limits below which the device SAFE OPERATING AREA 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum T;, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 


POWER OERATING CURVE 


Ic, COLLECTOR CURRENT (AMPS) 


Po, POWER DISSIPATION (WATTS) 


Te, CASE TEMPERATURE (°C) Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2n669 


For Specifications, See 2N176 Data Sheet 
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Moforola Power Transisfors 


Po = 90W 
an lO1T sears 


Vero = 80 V 


PNP germanium power transistors for general 
purpose power amplifier and switching applications in 
military and industrial equipment. Operating temper- 
ative range and power dissipation exceed military 
specifications. 


MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current 


Operating Temperature Range —65 to +95 
(MIL-T-19500A/67) 


Operating Temperature Range —65 to +100 
(MOTOROLA 2N1011) 


Collector Dissipation at 75°C : 10 
Case Temperature (MIL-T-19500A/67) 


Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2N1011) 


POWER — TEMPERATURE 
DERATING CURVE 


Py, POWER DISSIPATION (WATTS) 


T,-, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


USA2NI1011 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified ) 


= ae [oe [tT 


DC Current Transfer Ratio 


Ig = 1.0 Adc 


DC Current Transfer Ratio 
mAdc 


VcE = 2vV 
Ic = 3.0 Adc 


Small-Signal Current Transfer Ratio 
Cutoff Frequency 


VcE = 2 Vae 
Ic = 3 Amps 
Emitter-Base Cutoff Current 
VEB = 40 Vdc 


= 
I 
2 , 


Collector- Base Cutoff Current pAdc 


Vos = 2 Vde 
Ip = 0 


IcBo 


Collector-Base Cutoff Current 
Vop= 80 Vdc 
Ip = 
Base Current 
VcE = 
Io = 
Base Current 
VcE = 
Io = 
Emitter-Base Voltage 
Voz = 2 Vde 
Ic = 3 Adc 
Floating Potential 
Vep= 50 Vde 


(Voltmeter input resistance 
= 10 Megohm min) 


Collector-Emitter Saturation Voltage 
In = 3 Adc 
Ip = 200 mAdc 
Collector-Emitter Voltage 
Ig = 300 mAdc 
Ip = 0 
Collector-Emitter Voltage 
Ic = 300 mAdc 
Ves = 0 


= 
& & 


Vde 


© 


Vdc 


BVcEO 


BVcES 


< < ot 
adage | ki | 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 
VcE = 2 Vdc 


Io = 3 Adc 


High-Temperature Operation 
Tc = +90°C min 


a 

on 
< < 
8 


Collector Cutoff Current 
Vos = 30 Vdc 
Ip = 0 


IoBo 
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Motorola Power Transistors——— 


2N1073, A, B Po = 85W 
c= 10A 


Voer = 40-120 V 


PNP germanium power transistors for high-voltage 


CASE 4 power switching applications. 


(TO-41) 
For TO-3 package with 50-mil dia. pins (no solder lugs) 
specify MP1350 thru MP1352. 


MAXIMUM RATINGS 


Characteristic 


Symbol = 2N1073 2N1073A 2N1073B Unit 


Collector-Emitter Voltage | 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current (Cont) 
Base Current (Cont) 


Emitter Reverse Current 


(Surge 60 cps Recurrent) 1.5 1.5 


Storage and Operating 


Temperature —~————_ -65 to +110 ———" > 


Collector Dissipation 


(25°C Mtg. Case Temp.) 85 85 85 


The maximum continuous power is related to 
maximum junction temperature by the thermal 
resistance factor. This curve has a value of 85 
watts at a case temperature of 25°C and is 0 
watts at 110°C with a linear relation between 
the two temperatures such that: 


0 2 50 75 100 125 110° — T 
Te, CASE TEMPERATURE (°C) Allowable Pp = —->— Watts 
SAFE OPERATING AREAS — PULSE CONDITIONS 
2N1073A 2N1073B 


WY 
Xi 

: 
é 


PN AVA 


tai 


SS ES A A A Ee ee GY 


Ic, ALLOWABLE COLLECTOR CURRENT (AMPS) 


0 10 20 30 40 =O 10 20 30 40 §S0 60 70 80 0 10 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) : : 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 


20 30 40 50 60 70 80 80 100 110 120 


Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


change in these safe areas.) To insure operation 
below the maximum Ts, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Motorola Power Transistors 


2N1073, A, B (continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted 


Characteristic i Max 


’ Collector-Base Cutoff Current 
25 Vdc, Ig 
25 Vdc. Ig 
40 Vdc. Ig 
60 Vdc, Ip 
60 Vdc, Ig 85°C) 2N1073A 
80 Vdc, Ip 2N1073A 
100 Vdc. Ig = 0. 2N1073B 
= i100 Vde, Ip «= 0, Te = 85°C) 2N1073B 
(VCB = 220 Vdc. Ip = 0) 2N1073B 
(Vcp = 2 Vde, Ig = 0) All Types 


Emitter-Base Leakage Current 
(Vgep = 0.75 Vdc) 


2N1073 
85°C) 2N1073 

2N1073 

2N1073A 


bu th uv uv or ow 
houow bt ww 


Emitter Floating Potential 
(Vcg = 40 Vdc) 2N1073 
(Vcg = 80 Vdc) 2N1073A 
(Vez = 120 Vde) 2N1073B 


Collector-Emitter Breakdown Voltage* 
(Ic = 50 mAdc, Rpg = 1002) 2N1073 
2N1073A 
2N1073B 


DC Current Gain 
(Ic = 5 Adc, Vcr = -2.0 Vdc) 


Small Signal Current Gain 
(Ic = 0.5 Adc, Vcg = 12 Vde, f = 30 kc) 


~ Base Input Voltage 
(Vcg = 2.0 Vde, Ip = 5 Adc) 


Collector-Emitter Saturation Voltage 
{Ic = 5 Adc, Ip = 0.5 Adc) 


Rise Time 
Storage Time 
Fall Time 


“To avoid excessive heating of collector junction. perform this test with a sweep method. 


COLLECTOR CURRENT versus BASE CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 


ic, COLLECTOR CURRENT (AMPS) 


1,, BASE CURRENT (MILLIAMPS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N1073, A, B (continued) 


DC CURRENT GAIN versus COLLECTOR CURRENT COLLECTOR CURRENT versus DRIVE VOLTAGE 
25 


-_ NR 
wm —] 


hee, DC CURRENT GAIN 
=) 


Ic, COLLECTOR CURRENT (MILLIAMPS) 


0 
+0.3 +0.2 +0.1 0 —0.1 —0.2 --0.3 
le, COLLECTOR CURRENT (AMPS) Veg. BASE-EMITTER VOLTAGE (VOLTS) 
SWITCHING TEST CIRCUIT 
MERCURY = 4n 
19 (V 
1 12V 
+ - 
542 4V i| 
+ - 


PULSE CONDITIONS ; Io = 3 Adc, |, = 300 mAdc 


2n1099 


For Specifications, See 2N277 Data Sheet 


—_—_eeeeorore ee 


2n1100 


For Specifications, See 2N174 Data Sheet 
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Motorola Power Transistors 


2n1120 ag ts 
Veo = 80 V 


PNP germanium power transistors for military and 
industrial power applications. 


MAXIMUM RATINGS 
Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current 


Operating Temperature Range —65 to +95 
(MIL-T-19500/68) 


Operating Temperature Range —65 to +100 
(MOTOROLA 2N1120) 


Collector Dissipation at 25°C - Pe , | 45 
Case Temperature (MIL-T-19500/68) 


Collector Dissipation at 25°C 
Case Temperature (MOTOROLA 2N1120) 


POWER — TEMPERATURE 
DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 


zi ae. Sx 
Le SN 
pl eS aN 


0 
0 20 40 60 80 100 
Tc, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


2N1120 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


DC Current Transfer Ratio 
Vcs = 2V 
Ic = 5.0 Adc 
DC Current Transfer Ratio 
Vce = 2V 
Ic = 10.0 Adc 
Small Signal Current Transfer Ratio 
Culoff Frequency 
Vee = 2 Vde 
Ic = 5S amps 
Emitter-Base Cutoff Current 
Ves = 5 Vdc 


I= 


Collector-Base Cutoff Current 
Vcs = 80 Vdc 
Izr= 0 
Base Current 
Vcee= 2Vdc 
Ice= S5Adc 
Base Current 


Vee= 2Vdc 
Ic= 10Adc 


Emitter-Base Voltage 


Floating Potential 
Ves = 80Vdc 
Voltmeter Input 
Resistance = 
10 meg. min. 
Collector-Emitter Voltage (Saturation) Vee sam 
Ic= 10Adc 
Is= 1 Adc 
Vee 
Ie= 
Collector-Emitter Voltage 
Ic = 300 mAdc 
‘Igs= 0 
Collector-Emitter Voltage 
Ic = 300 mAdc 
Ves = 
Smali-Signal Short-Circuit Forward- 
Current Transfer Ratio . 
Cutoff Frequency 


= 5 
High-Temperatuié Operation 
Te = +90°C 
(min) 
Collector Cutoff Current 
Vos = he 
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Motorola Power Transistors 


2n1162 thru 2N1 167 Po = 106 W 


lc =25A 
Veso = 50-100 V 
CASE 3, 4 ees PNP germanium power transistors for switching and 
(10-3, 41) l amplifier applications in high reliability equipment. 


MAXIMUM RATINGS 


2N1162 2N1164 2N1166 ; 
Characteristics Symbol 2N1163 2N1165 2N1167 Unit 


| Collector - Base Voltage 


Collector - Emitter Voltage 
_ Emitter - Base Voltage 
_DC Collector Current 
Collector Junction Temperature 


Collector Dissipation 


Thermal Resistance 


120 
106 
100 


80 


POWER-TEMPERATURE DERATING CURVE 


Pp, POWER DISSIPATION (WATTS) 
fez 
oO 


0 20 40 60 80 100 110 
SAFE OPERATING AREAS To, CASE TEMPERATURE (°C) 
2N1162, 2N1163 2N1164, 2N1165 2N1166, 2N1167 
ae ee ee) ee? 


2 es a es | se 


WIESSNEs a ESSN 
eee 


PAT 
on Uh ee ee 2 
— at — S00 see 28) T— sonyaee NY At 


AS 


COLLECTOR CURRENT (AMPS) 


90-W 
POWER D DISSIPATION 
25°C CASE TEMPERATURE 


POWER DISSIPATION = — 
25°C CASE TEMPERATURE Dc ES 
Ti 

TO 80V, 20 mA 


Nest Roel WITH BACK BIAS APPLIED 
| a (PULSE CURVES ONLY) 


4099 10 20 30 40 50 60 709 10 20 30 40 50 60 70 80 S890 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T3, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N1162 thru 2N1167 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Min Typ 


Collector Cutoff Current 
Vos = BVcBoO(max), IE - 0 All Types 


Collector Cutoff Current 
VcB = 2V, Ig = 0 All Types 
Vcp = ISV, Ip =0, Tc-90 CC 2N1162-3 
Vcp = 30V, Ip - 0, Tc =90 C  2N1164-7 


Collector-Emitter Breakdown Voltage 
Ic = 500mA, Veg = 0 
2N1162-3 
2N1164-5 
2N1166-7 


Emitter Cutoff Current lIEBO 
VEB = 12V, Ic = 0 All Types 


DC Forward Current Gain 
Voce = 1V, Ic = 25A All Types hp) 
Ver = 2V,‘Ic = 5A All Types hFE 


Collector - Emitter Saturation Voltage VCE(sat) 
Ic = 25A, Ip = 1.6A All Types 


Base - Emitter Drive Voltage 
Ic = 25A, Ip = 1.6A All Types 


Common Emitter - Cutoff Frequency 
VcE= 2V, Ic=2A All Types 


SWITCHING CHARACTERISTICS 


Saturated 
Collector 
Current 
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2N1162 thru 2N1167 (continued) 
COLLECTOR CURRENT vs BASE- EMITTER VOLTAGE 


25 
Litt ttt tye t 
Lee LM Vee 


TEMPERATURE °C 4.75 “¢| / 


le, COLLECTOR CURRENT (AMPS) 


0 0.2 0.4 0.6 0.8 1.0 1.2 


COLLECTOR petraernirl sige ee 
i. ce 


Ig, COLLECTOR CURRENT (AMPS) 


BVcts , % RATED MAXIMUM COUECTOR-EMITTER VOLTAGE (VOLTS) 
SATURATION REGION, COMMON 


Pies webs BASE hci A 


Ic, COLLECTOR CURRENT (AMPS) 


BVcss, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2n1358 


Motorola Power Transistors 


Ie, COLLECTOR CURRENT (AMPS) 


hee, CURRENT GAIN 


COLLECTOR CURRENT 
vs BASE CURRENT 


| [| fA Lr | | | 
Ain ae aeeeae 
BEY 2ZeERRREee 


10 


TEMPERATURE °C 


a sea, =CHE 
Al 

PEER 
ERR SRREAREE 


In, BASE CURRENT (AMPS) 


CURRENT GAIN 
vs COLLECTOR CURRENT 


Vez — 2 VOLTS 


CASE 
TEMPERATURE 25°C 


Ic, COLLECTOR CURRENT (AMPS) 


For Specifications, See 2N174 Data Sheet 


2n1359 
2n1360 


onl 362 thru onl 365 


For Specifications, See 2N375 Data Sheet 
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MAXIMUM RATINGS 


Motorola Power Transistors 


Characteristic Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Emitter Current (Continuous) 


Base Current (Continuous) 


Junction & Storage 
Temperature 


Thermal Resistance 


2N1412 
ae ee = ee 


Smsec Imsec 500yusec 250 usec eH 
INS SNe 
KS S\veal 


i a a 
eS 
TASS ~<em A | 


COLLECTOR CURRENT (AMPERES) 
nN 


ONLY) 
ITH BACK BIAS APPLIED 
quise CURVES ONLY) 


ox : 
010 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
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P. = 150W 
c= 1I5A 
Voso = 100 V 


PNP germanium power transistors for high-voltage 
power amplifier and switching applications in military 
and industrial equipment. 


—65 to +100 


0.5 


ees NO Motorola 
—t+—— USN 2N1412 
ew | NX 


Mate ios a 
vermisse Ph 


pt | USS 


Te, CASE TEMPERATURE (°C) 


The maximum continuous _ This curve has a value of 
power is related to maxi- 150 Watts at case tempera- 
mum junction temperature tures of 25°C and is 0 Watts 
by the thermal resistance at 100°C with a linear rela- 
factor. tion between the two tem- 

peratures such that: 


100° — Tc 
allowable Pp 05 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T3, the power-temperature 
derating curve must be observed for both steady 
State and pulse power conditions. 


Pp, POWER DISSIPATION (WATTS) 


Motorola Power Transistors 


2N1412 (continued) 
ELECTRICAL CHARACTERISTICS 


Characteristic 


Emitter Cutoff Current 
Veep = —2.0 Vde 
Ia= 0 
Emitter Cutoff Current 
Vpp = —60 Vdc 
Iq= 0 
Collector Cutoff Current 
Vop = —2.0 Vde 
Ip = 0 
Collector Cutoff Current 
Vop = —100 Vdc 
Ip = 0 
Emitter-Base Voltage 
Vek = —2.0 Vde 
Ig = —1.2 Adc 
Emitter-Base Voltage 
Vor = -2.0 Vde 
Ic = —5.0 Ade 
Floating Potential 
Vog = —100 Vdc 
Ip = 0 
(Voltmeter input resistance 
= 10 Megohm min) 
Collector-Emitter Saturation Voltage 
Iq = -12 Adc 
Ip = —2.0 Adc 
Forward Current Transfer Ratio* 
Vor = —2.0 Vde 
Iq = —15 Adc 
Forward Current Transfer Ratio 
Vor = —2.0 Vde 
Ic = —5.0 Adc 
Collector-Emitter Breakdown Voltage * 
Ic = —1 Adc 
Ip= 0 
Collector-Emitter Breakdown Voltage * 


Vep= 0 
Ic = 300 mA 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 
VcE = —12 Vdc 
Ig = -5.0 Adc 


High-Temperature Operation 
Emitter Cutoff Current 


To = +71°C min 
Ves = —30 Vdc 


Collector Cutoff Current 


Vop = -30 Vde 
Ip = 0 


*Test by sweep method with a short duty cycle (about 1%) to avoid excessive heating. 
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2N1412 (continued) 


Ip, BASE CURRENT (AMPERES) 


I, COLLECTOR CURRENT (AMPERES) 


INPUT CHARACTERISTICS 
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TRANSCONDUCTANCE CHARACTERISTICS 
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Visi» EMITTER-BASE VOLTAGE (VOLTS) 


Motorola Power Transistors 


CURRENT TRANSFER CHARACTERISTICS 
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I,, COLLECTOR CURRENT (AMPERES) 
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OUTPUT CHARACTERISTICS 
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Motorola Power Transistors 


2N1529 thru 2nN1 538 Po = 106W 


Ilc=5A 
Veoso = 40-120 V 


PNP germanium power transistors for switching and 


CASE 2 amplifier applications in high-reliability equipment. 


(TO-3) 


For units with solder lugs attached, specify 
devices MP1529A etc. (TO-41 package) 


MAXIMUM RATINGS 


21529 2N1530 2N1531 2N1532. ss: 2N1533 ; 
Characteristic | Symbol 2N1534 2N1535. 2N1536 «=: 2N1537 2N1538 Unit 


Collector-Emitter Voltage VcEX 
Collector-Emitter Voltage VcES 
Collector-Emitter Voltage VCEO 
Collector-Base Voltage VcBO 


Collector-Base Voltage VEBO 


Collector Current Ico 
(Continuous) 


Collector Current 
(Peak) 


Junction Temperature Range 


Collector Dissipation 
(25°C Case Temperature) 


Thermal Resistance 


SAFE OPERATING AREAS — PULSE CONDITIONS 


The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ty,. the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. State and pulse power conditions. 


261529, 2N1S34° 241530, 2N1535° 2M1531, 2NIS38° 2N1532, 2N1537° 241533, 241538 
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Motorola Power Transistors 


2N1529 thru 2N1538 (continued) 


ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise specified.) 
Characteristic Symbol Min Max Unit 


Collector-Base Cutoff Current IcBOo1 mA 
(Vcp = 25V) 2N1529, 2N1534 
(Vop = 40V) 2N1530, 2N1535 
(Vop = 55V) 2N1531, 2N1536 
(Vcp = 65V) 2N1532, 2N1537 
(Vop = 80V) 2N1533, 2N1538 


ron wf ou 


Collector-Base Cutoff Current 
(Vop = 2V) All Types 
(Vcp = ] 2 BVcgg rating; To = +90°C) All Types 


Emitter-Base Cutoff Current 
(Vpp = 12V). All Types 


Collector-Emitter Breakdown Voltage 
(Ic = 500 mA, Vep = 0) 2N1529, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Collector-Emitter Leakage Current 
(Vee = 1V; Vog u rated BVcpO) All Types 


Collector-Emitter Breakdown Voltage 
(Ic = 500 mA, Ip = 0) 2N152¢, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Collector-Base Breakdown Voltage 
(I¢ = 20 mA) 2N1529, 2N1534 
2N1530, 2N1535 
2N1531, 2N1536 
2N1532, 2N1537 
2N1533, 2N1538 


Current Gain 
(Vor = 2V, Io = 3A) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


Base-Emitter Saturation Voltaze VBE(sat) 
(In = 3A, Ip = 300 mA) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


— > pt 
nay OF a] 


Collector-Emitter Saturation Voltage VcCE(sat) 
(Ic = 3A, Ip = 300 mA) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


bas pee pete 
Nnuana 


Transconductance 
(Vog =-2V, Io = 3A) 2N1529 - 2N1532 
2N1534 - 2N1537 
2N1529 - 2N1533 
2N1534 - 2N1538 


— 
ane on 
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2N1529 thru 2N1538 (continued) 


Po, POWER DISSIPATION (WATTS) 


le, COLLECTOR CURRENT (AMPS) 


Te, CASE 


Motorola Power Transistors 


POWER-TEMPERATURE DERATING CURVE 


TEMPERATURE (°C) 


COLLECTOR CURRENT versus BASE CURRENT 


I, BASE CURRENT (AMPS) 


SWITCHING TIME MEASURING CIRCUIT 


V 
(Vol 


TEST TRANSISTOR 


tott? t, 
ema faa at 


a 
The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Ve x I 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 
with a linear relation between the two 


temperatures such that 


Pp allowable = 110° - Tc 
. 08 


COLLECTOR CURRENT versus EMITTER BASE VOLTAGE 


lc, COLLECTOR CURRENT (AMPS) 


DC CURRENT GAIN versus 
COLLECTOR CURRENT 


hee, CURRENT GAIN 


Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N1539 thru 2n1548 Po = 106W 
Vero = 40-120 V. 


PNP germanium power transistorsfor switching and 


CASE 3 amplifier applications in high-reliability equipment. 


(TO-3) 


For units with solder lugs attached, 
specify devices MP1539A etc. 


MAXIMUM RATINGS. 


- 2N1539 2N1540 2N1541 2N1542 2N1543 
Characteristics Symbol 2N1544 2N1545 2N1546 2N1547 2N1548 Unit 


Collector-Emitter 
Voltage 


Collector- Emitter 
Voltage — 


Collector-Emitter 
Voltage 


Collector-Base 
Voltage 


Emitter-Base 
Voltage 


Collector Current 
(Continuous) 


Collector Current 
(Peak) 
Collector Junction -65 to +110 
Temperature Range 


Collector Dissipation 
(25 C Case Temp. ) 


Thermal Resistance 


The maximum continuous power is POWER — TEMPERATURE DERATING CURVE 


related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. For d.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Py = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 Watts at case tempera- 
tures of 25°C and is 0 Watts at 110°C 


ilo 


with a linear relation between the two 0 20 40 60 80 100 110 
temperatures such that Te, CASE TEMPERATURE (°C) 
Pr allowable = 110° - Tc 
0.8 
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Motorola Power Transistors 


2N1539 thru 2N1548 (continued) | 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 
Parameter 


Collector-Base Cutoff Current 


(Vop = 25V)  2N1539, 2N1544 
(Vcp = 40V)  2N1540. 2N1545 
(VCR = 55V)  2N1541. 2N1546 
(VeB 2 65V)  2N1542, 2N1547 


(V 80 V) 2N1543, 2N1548 


Collector-Base Cutoff Current 
(Vcp = 2V) All Types 
(VcpB = 1,2 BV rating, All Types 
Te 90° CES ; 
Emitter-Base Cutoff Current 
(Veep = 12V) All Types 


Collector-Emitter Breakdown Voltage t 
(Ic = 500 mA) 
2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Collector-Emitter Leakage Current 
(Ver =1V, Vor @ rated BVcgo) All Types 


Collector-Emitter Breakdown Voltage tf 
(Ic = 500 mA, Ip = 0) 

2N1539, 2N1544 

2N1540, 2N1545 

2N1541, 2N1546 

2N1542, 2N1547 

2N1543, 2N1548 


Coltector-Base Breakdown Voltage 

(Ic = 20 mA) 
2N1538, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Current Gain 
(Vcr = 2V, Ic = 3A) 

2N1539 - 2N1542 

2N1544. - 2N1547 

2N1539 - 2N1543 

2N1544 - 2N1548 


Base-Emitter Drive Voltage 
(Ic = 3 A, Ip = 300 mA) 
2N1539 - 2N1542 
2N1544 - 2N1547 
2N1539 - 2N1543 
2N1544 - 2N1548 


Collector Saturation Voltage 
(Ic = 3A, Ip = 300 mA) 

2N1539 - 2N1542 

2N1544 - 2N1547 

2N1539 - 2N1543 

2N1544 - 2N1548 


VCE(sat) 


Transconductance 
(Vap = 2V = 3A) 

ce*?¥s Ie 2N1539 - 2N1542 

2N1544 - 2N1547 

2N1539 - 2N1543 

2N1544 - 2N1548 


Frequency Cutoff 


All Types 


* Characteristics apply to corresponding, non-A type numbers also 
t To avoid excessive heating of collector junction, perform this test with a sweep method 
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Motorola Power Transistors 


2N1539 thru 2N1548 (continued) 
SWITCHING TIME MEASURING UNIT 


8 swish Vae 


TRANS! 
O.5yf TEST TRANSISTOR 


* Input Pulse Repetition Rate = 2 ke, 
Pulse Width = 50 ,sec 


COLLECTOR CURRENT versus EMITTER BASE VOLTAGE COLLECTOR CURRENT versus BASE CURRENT 


5 5 
= 4 = 4 
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ee = 
o 3 Fx) 3 
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2 8 
—_ ond 
BS 2 S 2 


4m 
ee tt 


0 ———— | 0 
0 0.1 0.2 0.3 0.4 0.5 0.6 
Vee, EMITTER-BASE VOLTAGE (VOLTS) 1,, BASE CURRENT (mA) 
2N1539, 2N1544 
SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate 
Ic — Vce limits below which the device will 
not go into secondary breakdown. Collector 
load lines for specific circuits must fall 
within the applicable Safe Area to avoid 
causing a collector-emitter short. (Case 
temperature and duty cycle of the excur- 
sions make no significant change in these 
safe areas.) To insure operation below the 
maximum Ty, the power-temperature de- 
rating curve must be observed for both 
steady state and pulse power conditions. 


COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N1540, 2N1545 2N1541, 2N1548 2N1542, 2N1547 2N1543, 21548 


toe Tan ae * oe 


— J i \—— 250 psec 
aww as OR LESS 
i OT 


90-W: WATT ae 3 
POWER DISSIPATION 


R DISSIPATI 
Poweh D oN 25°C CASE TEMPERATURE 


25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPS) 


10 GOV. 3 mA 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 


WITH BACK OAS APPLE 
mY Back Bt BIAS APPLIE! 

ULSE CURVES ONLY) {PULSE CURVES ONLY} 
4 


Barer g 
WITH BAEK BIAS APPLIED 
(PULSE CURVES ONLY) age. 
3 
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Motorola Power Transistors 


2N1539 thru 2N1548 (continued) 
BASE CURRENT versus EMITTER BASE VOLTAGE . DC CURRENT GAIN versus COLLECTOR CURRENT 


2N1544-2N1548 


l,, BASE CURRENT (mA) 


hes, CURRENT GAIN 
Ss) 
oO 


0 0.1 0.2 0.3 0.4 0.5 0.6 0 1 2 3 4 
Ves, EMITTER-BASE VOLTAGE (VOLTS) Ie, COLLECTOR CURRENT (AMPS) 


QN 1549 thru 2N1560 Pc =106W 


Ic =I15A 
Voro = 40-100 V 


PNP germanium power transistors for switching and 
CASE 3 amplifier applications in high-reliability equipment. 
(TO-3) ' 


For units with solder lugs attached, 
specify devices MP1549A etc. 


MAXIMUM RATINGS 


2N1549 2N1550 2N1551 2N1552 
Characteristic Symbol § 2N1553 2N1554 2N1555 2N15S6 Unit - 
2N1557 2N1558 2N1559 N1SCD 


Collector-Emitter Voltage 100 


Collector-Emitter Voltage 


a | 
on 


or 
© 


Collector-Emitter Voltage 


—" 
oO 
[o) 


Collector-Base Voltage 


Emitter-Base Voltage 


\ 


iw] — iw] > is] ow 


Collector Current (Continuous) 


Collector Current (Peak) 


woe | & | or & Ff of oc 
[=|] se] se] e[2 


eee pee ee 


Collector Junction Temperature ———  _65 to +110 


Collector Dissipation 
(25 _C Case Temp. ) 


Thermal Resistance 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 
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Motorola Power Transistors 


2N1549 thru 2N1560 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Parameter Symbol = Min Max ‘Unit 


Collector-Base Cutoff Current 
(Vop=25 V) 2N1549, 2N1553, 2N1557 
(VcB =40 V) 2N1550, 2N1554, 2N1558 
(Vop= 55 V) 2N1551, 2N1555, 2N1559 
(Voz = 65 V) 2N1552, 2N1556, 2N1560 
i eee 
Collector-Base Cutoff Current 
(Vo =2V) All Types 
(VcpR =1/2 BVcgs rating; 
Tc = +90 C) 
a eee 
Emitter-Base Cutoff Current 
(Veep = 12 V) All Types 
AT a ee 
Collector-Emitter Breakdown Voltage 
(Ic = 300 mA) 
2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 
NR SB a ee eg em a TY 
Collector-Emitter Leakage Current 
(Vpr=1V, Vcr @ rated BVcRo) 
All Types 
SS I I ESE A I ISS 
Collector-Emitter Breakdown Voltage 
2N1549, 2N1553, 2N1557 
2N1550.,, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 
ee ee ee 
Collector-Base Breakdown Voltage 
(Ic = 20 mA) 


2N1549, 2N1553, 2N1557 
2N1550, 2N1554, 2N1558 
2N1551, 2N1555, 2N1559 
2N1552, 2N1556, 2N1560 
aes SS 
Current Gain 
(Vor =2V, Ic =10 A) 
2N154$ - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 
has sss pS 
Base-Emitter Drive Voltage 
(Ic = 10 A, Ip = 1 A) 
2N1549 - 2N1552 
2N1552 - 2N1556 
2N1557 - 2N1560 
iS 
Collector Saturation Voltage VCE(sat) 
(Ic = 10 A, Ip = 1.0 A) 
2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 
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2N1549 thru 2N1560 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 
Parameter 


Transconductance 
(V =2V, I, = 10 A) 

ee - 2N1549 - 2N1552 

2N1553 - 2N1556 


2N1557 - 2N1560 


Frequency Cutoff 
2N1549 - 2N1552 
2N1553 - 2N1556 
2N1557 - 2N1560 


Motorola Power Transistors 


Symbol Min Max Unit 


Characteristics apply to corresponding. non-A tvpe numbers also 
To avoid excessive heating of collector junction. perform this test with a sweep method 


Ic, COLLECTOR CURRENT (AMPS) 


hee, CURRENT GAIN 


COLLECTOR CURRENT versus BASE CURRENT 
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le, COLLECTOR CURRENT (AMPS) 


Ic, COLLECTOR CURRENT (AMPS) 


Ip, BASE CURRENT(AMPS) 
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COLLECTOR CURRENT versus EMITTER-BASE VOLTAGE 
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RRSP SLE/2 
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Ves, EMITTER-BASE VOLTAGE (VOLTS) 


BASE CURRENT versus EMITTER-BASE VOLTAGE 
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Ves, EMMITER-BASE VOLTAGE (VOLTS) 


Motorola Power Transistors 


2N 1549 thru 2N1560 (continued) 


SAFE OPERATING AREAS 


The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ts, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. State and pulse power conditions. 

2N1549, 241553, — 2N1550, 2N1554, 2N1558 2N15S1, 2N15S5, 2N15S9 2N1552, 2N1558, 2N1560 
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win BACK BI BIAS APPLIED 
(PULSE CURVES ONLY) 


The maximum continuous power is 
related to maximum junction tempera- 
ture, by the thermal resistance fac- 
tor. Ford.c. or frequencies below 
25 cps the transistor must be operated 
within the constant Pp = Vc x Ic 
hyperbolic curve. This curve has a 
value of 106 watts at case tempera- 
tures of 25°C and is 0 watts at 110°C 
with a linear relation between the two ? ox | ee poh Saentene 
poe fake such that Pp allowable Tc, CASE TEMPERATURE (*C) 


Pp, POWER DISSIPATION (WATTS) 


0.8 


SWITCHING TIME MEASURING UNIT 


Uplcal 
Devices Cenditlons* Switching Times 
a 


TEST TRANS! 
O.5pt RANSISTOR 
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ak oer as Ve Sollee BC a oe ee 
PULSE GENE RATOR “Input Pulse Repetition Rate = 2 kc, 


Pulse Width = 50 psec 
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Motorola Power Transistors 


2n1970 eee 
2n 1980 thru 2N1982 


Vero = 50-100 V 
PNP germanium power transistors for general pur- 
pose amplifier and switching applications. 


CASE 5 
(TO-36) 


MAXIMUM RATINGS 


Characteristic Symbol 2N1970 2N1980 2N1981 2N1982 
Collector-Base Voltage VcBo 100 50 


Collector-Emitter Voltage VcEO 50 
Emitter-Base Voltage VEBO 40 
Collector Current 15 


Power Dissipation at Tc = 25°C 


ae 


Junction Temperature Range -65 to +110 


Collector-Base Cutoff Current 
(Voz =-100 Vdc) 2N1970 
(Von =-50 Vdc) 2N1980 
(Von =-70 Vdc) 2N1981 
(Von =-90 Vdc) 2N1982 
(Voz =-2 Vdc) 2N1980-2N1982 
Emitter-Base Cutoff Current 
(Veg =-40 Vdc) 2N1970 
(VER =-20 Vdc) 2N1980-2N1982 
(Vin = 2N1980-2N1982 
Collector-Emitter Breakdown Voltage 
(In =1 Adc, I, = 0) 2N1970 
2N1980 
2N1981 


2N1982 
Base-Emitter Voltage 


= -2 Vde, I, = 5 Adc) 2N1970 


(Vor 
Emitter Floating Potential 


(Von = -50 Vdc) 2N1980 


Cc 


(Voz = -10 Vdc) 2N1981 

(Von = -90 Vdc) 2N1982 
Collector-Emitter Saturation Voltage 

(I, = 12 Ade, Ib = 2 Adc) 2N1970 

(Ig = 5 Adc, In = 0.5 Adc) 2N1980-2N1982 


VoE(sat) 


DC Current Gain 
(I, = § Ade, = -2 Vdc) 2N1970 
2N1980-2N1982 


= -2 Vdc) 2N1970 


Vor 


(I, = 12 Adc, Vor 


Common Emitter Cutoff Frequency 
-4V, I,=54) 2N1970 
-5 V, I, = 2A) 2N1980-2N1982 


Vog = 
(Vopr = 


Cc 
Cc 
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Motorola Power Transistors 


2n2075 thru 2N2082 eis 


Vero — 40-80V 


PNP germanium power transistors for high-power 
applications in high-reliability equipment. 


MAXIMUM RATINGS Apply to corresponding “Meg-A-Life” series also 
2N2078 2N2071 2N2076 2N2075 
CHARACTERISTIC 2N2082 2N2081 2N2080 2N2079 


Collector-Base Voltage 50 10 80 Volts 


Collector-Emitter Voltage Volts 


Volts 


Collector-Emitter Voltage 


Emitter-Base Voltage Volts 


Collector Current Amps 
Power Dissipation at Te 525 C 


Junction Temperature Range 


Thermal Resistance, Junction to 


175 
a 
E 
= 150 
FS POWER TEMPERATURE DERATING CURVE 
= 12 
= 5 The maximum average power is related to maxi- 
= mum junction temperature by the thermal resistance 
~ 100 factor. 
w This curve has a value of 170 Watts at case tem- 
5 peratures of 25°C and is 0 Watts at 110°C with a 
a linear relation between the two temperatures such 
= 75 that: ome 
3 allowable Pp = ——p3—— 
=| : 
a 50 
Fa 
=z 25 
: CCECECEr 

0 


0 10 20 30 40 50 60 70 80 90 100 110 


Tc, CASE TEMPERATURE (°C) 
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Motorola Power Transistors 


2N2075 thru 2N2082 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified ) 


. CHARACTERISTIC SYMBOL 


Collector-Base Cutoff Current 


— 
2) 
ee) 
Oo 
2 < 
a. 
a) 


(Voge -40V, Vig = -1.5 V) 2N2078, 2N2082 
(Veg = -50V, Vig = -1.5 V) 2N2077, 2N2081 
(Vp 2-70 V, Veg = -1.5 V) 2N2076, 2N2080 

= -80V, Vig = -1.5V) 2N2075, 2N2079 


Collector-Base Cutoff Current I 
Vop = Von max, In = 0, To = +71°C) All Types 


Collector-Base Cutoff Current 


> 
2 
Q 


Vop = -2V, Ip = 0) All Types 
Emitter-Base Cutoff Current maAdc 
Ve = -20V, Io = 0) 2N2078, 2N2082 
(VER = -25 V, Io = 0) 2N2077, 2N2081 
(Vv = -35 V, Io = Q) 2N2076, 2N2080 
Io = 0) 2N2075, 2N2079 
Emitter-Base Cutoff Current mAdc 
(Vip = Ves max, In = 0, To = +71°C | All Types 


ee) 
< 


Collector-Emitter Breakdown Voltage * 
(I, = 300 mA, Ves = 0) 2N2078, 2N2082 
2N2077, 2N2081 

2N2076, 2N2080 
2N2075, 2N2079 


CES 


<_ 
oh 
ray 


Collector-Emitter Breakdown Voltage * 

(I, = 104A, Ip = 0) 2N2078, 2N2082, 
2N2077, 2N2081 
2N2076, 2N2080 
2N2075, 2N2079 


Floating Potential 


(Von = -40V, I, = 0) 2N2078, 2N2082 
(Veg = -50V, Ip = 0) 2N2077, 2N2081 
(Vop = -70V, Ip = 0) 2N2076, 2N2080 


Von = -80V, In = 0) 


DC Current Transfer Ratio 


2N2075, 2N2079 


(In = 1.24, Von = -2 V) 2N2075 thru 2N2078 
2N2079 thru 2N2082 
Io =5 A, Von = -2 V) 2N2075 thru 2N2078 
2N2079 thru 2N2082 
Ue = 124, Von = -2 V) 2N2075 thru 2N2078 
2N2079 thru 2N2082 
Io = 5A, Vop = -2V, Teo = -55°C) 2N2075 thru 2N2078 


2N2079 thru 2N2082 


< 
a. 
i] 


Collector-Emitter Saturation Voltage 
(i, = 124A, I, = 2 A) 


2N2075 & 7€, 2N2079 & 80 


2N2077 & 78, 2N2081)& 82 


Base-Emitter Voltage Vor 
Io =5 A, Von = -2 V) All Types 
ommon Emitter Cutoff Frequency 
(I, = 5A, Vor = -6 V) All Tvpes 


=12A, V..=-12V,1,=2A) 2N2075 thru 2N2078 


2N2079 thru 2N2082 


CE B 


(“Off I. = 0, Vi, = -6 V, Ro, = 10 Ohms) 2N2075 thru 2N2078 


2N2079 thru 2N2082 


Cc EB EB 


- 
ee | 
ho) 
2 
ot | 
Ri: 3 
a 
io] 


* To avoid excessive heating of collector junction, perform this 
test with a sweep method. 
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2N2075 thru 2N2082 (continued) 


Moforola Power Transistors 


SAFE OPERATING AREAS 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


TO 100, 8 mA 
(2N1100 ONLY) 
WITH BACK BIAS APPLIED 
(PULSE CURVES ONLY) 

z 

010 20 30 40 50 60 70 80 90 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 

St aaa 

4 Ge 

40 

ce eae 


a 


ra 


170-WATT 
1 POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


0.3 TO 60V, 8 mA 
3 (2N173, 2N443 ONLY) 
° WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 
0.1 
0 10 20 30 40 50 60 70 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


Ea 
2N2076, 242080 t—| 1 


| 


N 


100 zsec 
R LESS 


\ a 


aa 
TM 


+A 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


TO 80V, 8 mA 

(2N174, 2N1099 ONLY) 
WITH BACK BIAS APPLIED 
(FOR PULSE CURVES ONLY) 


10 20 30 


100;.sec 
OR LESS 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


“0 10 20 30 40 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum Ty, the power-temperature 
derating curve must be observed for both steady 
State and pulse power conditions. 


2N2075-2N2078 


CURRENT TRANSFER CHARACTERISTICS 


Ic, COLLECTOR CURRENT (AMPERES) 


0.2 ; 
1s, BASE CURRENT (AMPERES) 


0.3 0.4 0.5 


Ic, COLLECTOR CURRENT (AMPERES) 
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TRANSCONDUCTANCE CHARACTERISTICS 


Vee, BASE EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


2N2075 thru 2N2082 (continued) 
2N2079-2N2082 
CURRENT TRANSFER CHARACTERISTICS TRANSCONDUCTANCE CHARACTERISTICS 


Ic, COLLECTOR CURRENT (AMPERES) 
Ic, COLLECTOR CURRENT (AMPERES) 


0 
0 0.1 0.2 0.3 0.4 0.5 0.6 0 0.1 0. a 0.3 0.4 0.5 0.6 0.7 08 
1p, BASE CURRENT (AMPERES) Vee, BASE-EMITTER VOLTAGE (VOLTS) 


2N2137 thru 2N2146 oa 


Veo = 30-90 V 


PNP germanium industrial power transistors for 
driver applications in high reliability equipment. 


CASE 1 
(TO-3) 


ABSOLUTE MAXIMUM RATINGS 


2N2137  2N2138 2N2139.2N2140. -2N2141.—«. 
Characteristic Symbol = 9N2142 «2N2143«-2N2144. ««2N2145 2N2146 Cnt 


Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Collector Current 

Power Dissipation at T.=25°C 

Junction Temperature Range —65 TO +110 


Thermal Resistance, Junction to. 1.2 


POWER TEMPERATURE DERATING CURVE 


The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 70 Watts at 
case temperatures of 25°C and is 0 
Watts at 110°C with a linear relation 
between the two temperatures such 
that: 


Power Dissipation, 
Pp, (Watts) 


0 25 50 75 100 110 allowable Pp = 110° - Tc 
1.2 


Te, Case Temperature (°C) 
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Motorola Power Transistors 


2N2137 thru 2N2146 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Characteristic 


Collector-Base Cutoff Current 
(Ves = —2 V, I = 0) 


Collector-Base Cutoff Current 
(Ves = —30 V, le = 0) 
(Ves = —45 V, I, = 0) 
(Vc, = —60V, I, = 0) 
(Veg = —75 V, I, = 0) 
(Veg = —90 V, I, = 0) 


Collector-Base Cutoff Current 
(Ves = Vee max, Ie = 0, Te = +71°C) 


Emitter-Base Cutoff Current 
(Veg = —15 V, Ie = 0) 
(Ves = —25 V, Ie = 0) 
(Ves = —30 V, Ic = 0) 
(Veg = —40 V, Ie == 0) 
(Ves = —45 V, Ie = 0) 


Emitter-Base Cutoff Current 
(Ves = Veo mar, le = 0, Te = +71°C) 


Collector-Emitter Breakdown Voltage* 
(lc = 300 mA, Ve, = 0) 


Collector-Emitter Breakdown Voltage* 
(lc = 500 mA, I, = 0) 


Floating Potential 
(Vcs = 30 V, le = 0) 
(Vex = 45 V, Ie = 0) 
(Vc, = 60 V, I, = 0) 
(Vcg = 75 V, I; = 0) 
(Vcs = 90 V, I, = 0) 


DC Current Transfer Ratio 
(Ie = 0.5 A, Vee =2 V) 


(le = 2.0 A, Vee = 2 V) 
Collector-Emitter Saturation Voltage 
(le = 2.0 A, |, = 200 mA) 


Base-Emitter Voltage 
(le = 2.0 A, lz = 200 mA) 


Common Emitter Cutoff Frequency 
(Ie = 2.0 A, Vee =6 V) 


- 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


All Types 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137, 2N2142 
2N2138, 2N2143 
2N2139, 2N2144 
2N2140, 2N2145 
2N2141, 2N2146 


2N2137 - 2N2141 
2N2142 - 2N2146 
2N2137 - 2N2141 
2N2142 - 2N2146 


All Types 


All Types 


All Types 
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Symbol Minimum Typical Maximum Unit 


Vee (sat) 


*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope 


me me Sam 
ooo°oo 


Motorola Power Transistors 


2N2137 thru 2N2146 (continued) 


SAFE OPERATING AREAS 


2N2137, 2N2142 2N2138, 2N2143 


Lis feel | | 
LN Ne 
a 


500 sec 


TRAE 
CON Wee 


5 a 
“ rq 
3 = 
5 = 
e g 
: : MN 
o 
& S L k \S 
=) 
rr 2 62.5-W 
2 P= POWER TISSIPATION 
3 o 25°C CASE TEMPERATURE \ 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 
2N2139, 2N2144 2N2140, 2N2145 
I~ ae f. 
\ \ } @ 250 psec NK \\ 250 usec 
({\ TOES OR LESS 
g z \ 
3 3 AN 
5 - 
rv] z 
= 2 
= e 
o > 
o 
S & aNGE 
5 a 
2 ADS \ 
o rx) 
62.5-W. ENE 
POWER a | SIPATE 
25°C CASE TEMPERATURE 
70 0 10 #=2 #30 40 «50 ~ 60 — 80 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 


2N2141, 2N2148 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 
(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T;3, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 


COLLECTOR CURRENT (AMPS) 


POWER MDISSIPATI ON 
25°C CASE TEMPERATURE 


0 
0 10 20 30 #40 50 60 70 80 930 100 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Moforola Power Transistors 


2N2137 thru 2N2146 (continued) 


INPUT & TRANSFER CHARACTERISTICS 


BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
All Types 


Viz. BASE-EMITTER VOLTAGE (VOLTS) 
bre, OC CURRENT TRANSFER RATIO 


0 I 2 3 


ley COLLECTOR CURRENT (AMPS) le, COLLECTOR CURRENT (AMPS) 


2N2 152 thru 2N2154 Pc = 170W 


Ic =30A 


2N2 156 thru 2N2158 Vso = 45-75 V 


PNP germanium power transistors for high-power, 
high-gain applications in high-reliability industrial 
equipment. 


MAXIMUM RATINGS 


isti Symbol 2N2152 2N2153 2N2154 
Characteristic y Biibice Aelte SaaiEE 


_Collector-Base Voltage 45 Volts 


Collector-Emitter Voltage 45 _Volts 
Collector-Emitter Voltage 30 Volts 


Emitter-Base Voltage 25 Volts 
Collector Current 30 Amps 


Power Dissipation at T. = 25°C 170 170 _Watts_ 
Junction Temperature Range <«—- -6§5to +110 ————~> °¢ 


Thermal Resistance, Junction to 


—_—_——_ 05 ——> °C/W 
Case, 
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——- Motorola Power Transistors 


2N2152 thru 2N2154 = 2N2156 thru 2N2158 (continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted’) 


Characteristic Symbol! Minimum Typical Maximum Unit 


Collector-Base Cutoff Current 

(Ve, = —45 V, I, = 0) 2N2152, 2N2156 
(Vcg = —60 V, 1, = 0) 2N2153, 2N2157 
(Vc,p = —75 V, Ie = 0) 2N2154, 2N2158 


Collector-Base Cutoff Current 
(Ves = Veomex le = 0,Te = +71°C) All Types 


Collector-Base Cutoff Current 
(Ves = —2V, 1. = 0) All Types 


Emitter-Base Cutoff Current 

(Veg = —25 V, Ie = 0) 2N2152, 2N2156 
(Veg — —30 V, Ie = 0) 2N2153, 2N2157 
(Vexp = —40 V, Ie = 0) 2N2154, 2N2158 


Emitter-Base Cutoff Current 
(Ves = Vesmaxr Ic = 0,Te = +71°C) All Types 


Collector-Emitter Breakdown Voltage” 

(Ie = 300 mA, Vex = 0) 2N2152, 2N2156 
2N2153, 2N2157 
2N2154, 2N2158 


Collector-Emitter Breakdown Voltage* 

(le = 1.0 A, ls = 0) 2N2152, 2N2156 
2N2153, 2N2157 
2N2154, 2N2158 


Floating Potential 

(Vex = —45 V, Ie = 0) 2N2152, 2N2156 
(Vc, = —60 V, I, = 0) 2N2153, 2N2157 
(Ves = —75 V, Ie = 0) 2N2154, 2N2158 


DC Current Transfer Ratio 

(le = 5A, Veg = 2 V) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(le = 15A, Vcg = 2 V) 2N2152, 2N2153, 2N2154 
2N2156, 2N2157, 2N2158 

(le = 25A, Veg = 2 V) All Types 


Collector-Emitter Saturation Voltage Veetsat) 
(Ic = 5A, ls = 500 mA) All Types 
(Ic = 25 A, I, = 2 A) All Types 


Base-Emitter Voltage 
(lc = 5A, ly = 500 mA) All Types 
(lc = 25 A, I, = 2 A) All Types 


Common Emitter Cutoff Frequency 
(le = 5A, Vee = 6 V) All Types 


*To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 


6-64 


Motorola Power Transistors 


2N2152 thru 2N2154 2N2156 thru 2N2158 (continued) 


P SAFE OPERATING AREAS 
The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum T3, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
2N2152, 2N2156 2N2153, 2N2157 
SF RUST NINA Tr A | SD GO SG A 
aC PIR KK YT 


30 ASS le (MAK, 


20 


10 


NNR \S 500 usec 


“ \\ 250 psec 


Poa a Ses ee 
re eS ee 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 
Ro 
COLLECTOR CURRENT (AMPERES) 


0. 
0 10 20 30 40 50 0 10 20 30 40 50 60 70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) COLLECTOR-EMITTER VOLTAGE (VOLTS) 


POWER-TEMPERATURE DERATING CURVE 


eee CHENSH 
60 meme 
d GaN TCCEPNEEE 


TSS 


Pp, POWER DISSIPATION (WATTS) 


AW 
DawA\\e 
Ak = 


N \y 50 nsec 
Bs OR LESS 


0 1 %2 30 4 50 60 70 8 30 100 110 
Te, CASE TEMPERATURE (°C) 

The maximum continuous power is 
related to maximum junction tempera- 
ture by the thermal resistance factor. 
This curve has a value of 170 Watts at 
case temperatures of 25°C and is 0 Watts 
at 110 C with a linear relation between 
the two temperatures such that: 


—_ 


T 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


allowable Pp = 110° - Tc 
0.5 
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Moforola Power Transistors 
9N2152 thru 2N2154 2N2156 thru 2N21T58 (continued) 


TYPICAL INPUT AND TRANSFER CHARACTERISTICS 


COLLECTOR CURRENT COLLECTOR CURRENT 
versus BASE CURRENT versus BASE-EMITTER VOLTAGE 


25 


g Z 
: : 
& = 
B15 s 
s S 

S 
4 | 
Bh, : 

| / 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 i 
fg, BASE CURRENT (AMPS) Veg, BASE-EMITTER VOLTAGE (VOLTS) 
DC CURRENT GAIN BASE CURRENT versus 
versus COLLECTOR CURRENT BASE-EMITTER VOLTAGE 
: g 
e 2 
3 5 
S 3 
g 
2s 3 
a r 
Ic, COLLECTOR CURRENT (AMPS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2n2490 thru 2nN2493 


l= I15A 
Veso = 60-100 V 


PNP germanium power transistors for general 
purpose power and switching applications. 


Volts 
Volta 
Voltg 
m 


Collector-Base Voltage 


[Power Dissipation at To = 28°C | “pg 


Collector-Base Cutoff Current 
(VopR= -2 Vdc) All Types 


> 


e 


—_— OO -65 to +110 ——_—_________>- 


¥ 
é 


Emitter-Base Cutoff Current mAdc 
(Vep = -40 Vde) 2N2490 
(VB = -30 Vdc) 2N2491 
(VER = -60 vate) 2N2492 
(VEB = -80 Vdc 2N2493 


Collector Cutoff Current mAdc 


(Vogp = -70 Vde, Vag =1.5 Vdc) 2N2490 
(VoR = -60 Vde, Vpp = 1.5 Vdc) 2N2491 
(Veg = -80 Vde, Voge = 1.5 Vdc) 2N2492 
(Vog = -100 Vdc, Vgp =1.5 Vdc) 2N2493 
(Voge = -35 Vde, Vag =1.5 Vdc,Tco=+100°C) 2N2490,2N2491 
(Vcg = -40 Vdc, Vpp =1.5 Vdc,TG=+100°C) 2N2492 
(Vcgp = -50 Vde, Ver =1.5 Vde,Tc=+100°C) 2N2493 


Collector-Emitter Breakdown Voltage Volts 
(Ic 1A, Tp = 0) 2N2490 
2N2491 
2N2492 
2N2493 


Base-Emitter Voltage 
(Ig = SAde, Vo = -2 Vdc) 2N2490,2N2491 


2N2492,2N2493 
(Ig = 12 Adc, VcE= -2 Vdc) 


= 
a 


All Types 


Collector-Emitter Saturation Voltage 
(I¢ = 12 Adc, Ip = 2. Adc) 2N2490, 2N2491 
2N2492, 2N2493 


DC Current Gain 

(Ig = 1Adc, Vog = -2 Vde) 2N2490 

‘ec ; 2N2491 
2N2492, 2N2493 

(Io = SAde, Vop = -2 Vde) 2N2490 

© ve 2N2491 
r 2N2492, 2N2493 

(Ig = SAdc, Vog = -2 Vde, Ty = -65°C) 2N2490 

'c ae on 2N2491 
2N2492, 2N2493 

(Ig = 12 Ade, Veg = -2 Vdc) 2N2490 

tec oe 2N2491 
2N2492, 2N2493 


Common Emitter Cutoff Frequency 
(Io = 5A, Vop = -6 V) 


Turn-On Time 
(Ic = 5 A, Ip) = Ige = 0.5 A) 


Turn-Off Time 
(Ic =5 A, Tp) = Ip2 = 0.5 A) 
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Motorola Power Transistors 


2n2526 


Pc =85W 
2n2527 le= 108 
CBO = 80-160 V 
2n2528 | 
PNP germanium power transistors for high-voltage 
CASE 3,4 power switching applications. 
(TO-3,TO-4) 


MAXIMUM RATINGS 


Symbol 2N2526 | 2N2527 2N2528 Unit 
Collector-Emitter Voltage 
Collector-Base Voltage 
Emitter-Base Voltage 
Collector Current (Cont) 
Base Current (Cont) 


Emitter Reverse Current 
(Surge 60 cps Recurrent) 


Storage and Operating 
Temperatures 


Collector Dissipation 
(25°C Mtg. Case Temp. ) 
nee 


Thermal Resistance 


POWER DERATING CURVE S 
The maximum continuous power is related to < 
maximum junction temperature by the thermal a 
resistance factor. This curve has a value of 85 ” 
watts at a case temperature of 25°C and is 0 —s 
watts at 110°C with a linear relation between ¥ 
the two temperatures et 4 0 95 50 5 100 125 

Allowable P, = = Watts a Tc, CASE TEMPERATURE (°C) 
SAFE OPERATING AREAS 


oo — —s TS EEC 
eee, me ve ee Oe eee eee —— —- 


=" 

mwa 

TS ‘ 
BURN 


oe WS es es ee, ee 


COLLECTOR CURRENT (AMPS) 


0.2 }-85-WATT ' 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


: ol 
Pm 30 9 20 40 60 80 100 120 140 160 180 
0 10 a 30 so. 660 «(70 9 COLLECTOR-EMITTER VOLTAGE (VOLTS) 


EMITTER VOLTAGE (VOLTS) 

The Safe Operating Area Curves indicate Ic — (Duty cycle of the excursions make no significant 
Vce limits below which the device will not go into change in these safe areas.) To insure operation 
secondary breakdown. Collector load lines for spe- below the maximum Ts, the power-temperature 
cific circuits must fall within the applicable Safe derating curve must be observed for both steady 
Area to avoid causing a collector-emitter short. state and pulse power conditions. 
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Motorola Power Transistors 


2N2526 thru 2N2528 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted 


Types Symbol Min. 


Collector-Emitter Cutoff Current” 

(Vor = -80 V, Vpp = 0.2 Vdc, Tc = 100°C) |onasog 
(Vog = -120 V, Veg = 0.2 Vde, Tc = 100°C) 2N2527 
('Vap = -160 V, VpE = 0.2 Vdc, Tc = 100 C) 2N2528 


Colector-Base Cutoff Current 
(Vop = -80 Vdc, Ip = 0) 2N2526 
Vop = -120 Vdc, Ip = 0) 2N2527 
‘Vop = -160 Vde, Ip = 0) 2N2528 
(Vcp = -2.0 Vde, Ip = 0) All Types 
(tollector-Emitter Cutoff Current 
‘Vor = -80 Vdc, Rpr = 100 2) 2N2526 
(Vor = -120 Vdc, Rep = 100 2) 2N2527 
(Ver = -160 Vdc, Rp = 100 2) 2N2528 


Emitter-Base Breakdown Voltage 
(Ip = 50 mAdc) 


Collector-Emitter Breakdown Voltage* 
(Ic = 100 mA, Ip = 0) 


DU Current Gain 
(Ic = 3 Adc, Veg = -2.0 Vdc) 


Smail Signal Current Gain 
(Vopr = -12 Vdc, Ic = 0.5 Adc, f = 30 kc) 


Transconductance 
(VcE = -2.0 Vde, Ic = 3 Adc 


Cohector-Emitter Saturation Voltage VCE(sat) 
(Ic = 10 Adc, Ip = 1.0 Adc) 


base-Emitter Saturation Voltage VBE(sat) 
(I¢ = 10 Adc, Ip = 1.0 Adc) 


Rise Time 
Storage Time 


Fall Time 


*To avoid excessive heating of collector junction, perform this test with a sweep method. 


TYPICAL INPUT CHARACTERISTICS 


COLLECTOR CURRENT versus BASE CURRENT ALL TYPES COLLECTOR CURRENT versus DRIVE VOLTAGE 
55°C aaa | 
+25°C 

+100°¢ }———} 
e Z 
a. 
z z 
5 3 
s S 
8 

0 100 200 300 400 500 600 700 0 0.5 1.0 15 
1, BASE CURRENT (MILIAMPERES) Vea, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 
2N2526 thru 2N2528 (continued) 


SWITCHING TEST CIRCUIT 


PULSE CONDITIONS ; Ic = 3 Adc, |, = 300 mAdc DC CURRENT GAIN versus COLLECTOR CURRENT 
0-202 

MERCURY 
SWITCH 0.5 uf FE 
| 3 
49 S 
1Q a6 - 

\R 
52 “= 12V 
¢ 


4V 
+ 


lc, COLLECTOR CURRENT (AMPERES) 


P- = 170 W 
Ic =50A 
Veso =15V 
PNP germanium high-current power transistors es- 
pecially designed for switching and power converter 
circuit operating from low-voltage power sources such 
as solar cells, thernio-electric generators, sea cells, 
fuel cells, and 1. 5-volt batteries. 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current (continuous) 


i EEE 


Base Current (continuous) 


Total Device Dissipation @ 25°C 
Case Temperature 


170 


+110 


Operating Temperature 


-65 to +110 


Storage Temperature 


Thermal Resistance 
(Junction to Case) 
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Motorola Power Transistors 


2N2728 (continued) 
ELECTRICAL CHARACTERISTICS 
Characteristic Symbol Min Typ Max: Unit 
Collector Cutoff Current lorx mAdc 
Vor =15V, Ver =1V - - 10 
Vor = 10V, Ver=1V, To = 100°C - - 35 
Seapets TE | ES << re meeRR, | a 
Emitter-Base Cutoff Current I mAdc 
EBO 
Van = 15V - + 10 
EB 
a ee ee 
Emitter Floating Potential V Vdc 
Van215V, I,=0 nee - = 05 
CB ’ E | , 
a he ee 
Collector-Emitter Breakdown Voltage* BVoro V 
I, = 500 mA, I, = 0 5 10 - 
a a ee 
DC Current Transfer Ratio hor - 
Io = 204, Vor =2V 40 - 130 


-_eeeo ees 


Collector-Emitter Saturation Voltage V Vdc 

Ip=50A, I,=5A CE(sat) _ 1075 0.1 
a i ge ee 

Base-Emitter Voltage V Vdc 
In=50A, I,=5A BE(sat) _ 0.85 1.0 

Common Emitter Cutoff Frequency fae ke 
I, = 204, Von =2V 3.445 - 

Rise Time t = psec 
Io = 204, Voc = 1.75 V, TE(on) =2A - 18 25 

Storage Time t. usec 
Var 7 6 VY, Rye = 102 - 15 20 

Fall Time te psec 
Ver 7 &V, Rye = 102 - 10 15 


* To avoid excessive heating of the collector junction, perform these tests with an oscilloscope. 


MERCURY SWITCH Pe 


0.19 : xv) 


—= 1.75v 
9.92 + 


0-500 
08750 


SWITCHING TIMES TEST CURRENT 


6V 
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Moforola Power Transistors 


2n2832 _ 
2n2833 | sayy 


Veoso = 80-140 V 
2N2004 ae | 
PNP germanium high-speed, high-frequency, power 


transistors for output stages of CRT deflection cir- 
cuits, high-efficiency power inverters, and similar ap- 
plications. 


CASE 3 
(TO-3) 


MAXIMUM RATINGS 


Symbol 2N2832 2N2833 262834 Unit 
Collector-Base Voltage 140 Voits 


er LL Yt ——— 
Collector-Emitter Voltage Volts 


ee 


Emitter-Base Voltage Volts 


a ST CE ete 
Collector Current (Continuous) Amps 


EE ae ae ————Y 

Base Current (Continuous) Amps 
ee 

Power Dissipation 
Leen ee eee eee ee ae 


Case Operating & Storage Temperature Range | T,, & Tgtg -65 to +110° 


POWER DERATING CURVE 


THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES 
BOTH LIMITS ARE APPLICABLE AND MUST BE OBSERVED 


50 


25 


0 25 50 78 100 110 =125 
Te, CASE TEMPERATURE (°C) 


P,, AVERAGE POWER DISSIPATION (WATTS) 


_ SAFE OPERATING AREAS 
2N2832 2N2833 2N2834 


10 


eee eee ee ee oo 
= a es es ee ee ee, ee ee eee ee eee eee eee ee 


3 
Ss Fee eee eS Eee ee eee 
5 
o 
[+4 
o 
= 
| 
ai 
3 0.1 — a tr 
3 = 
—— ' 
TY INT AR 
FCCC CPOE EN 
. PEt CHEETA 
80 100° 0 20 100 120 140 0 20 80 100 120 140 160 


Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate the Ic - Vce limits below which the devices will not go into secondary breakdown. As secondary breakdown is independent 
of temperature and duty cycle, these curves can be used as long as the average power derating curve is also taken into consideration to insure operation below the 
maximum junction temperature. 
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Motorola P ower Transistors 


2N2832 thru 2N2834 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified) 


Characteristic 


Collector-Base Cutoff Current* 

(Vop =2V, Ig = 0) All Types 
(Vep = 80V, Ip = 0) 2N2832 
(Vop = 120V, Ip = 0) 
(Voz = 140V, Ip = 0) 


IoB0* 


Collector-Emitter Current* 


(Vog =100V, Vag = 0) 2N2832 
(VCE = 140V, VBE = 0) 2N2833 
(Veg =160V, Vag = 0) 2N2834 


Collector-Emitter Cutoff Current** 
(Voge = 50V, Veg = 0.2V, To = +85°C)  2N2832 
(Vcr = 75V, VBE = 0.2V, Ta = +85°C) 2N2833 


Emitter-Base Breakdown Voltage 
(I; =50mAdc, Ic = 0) 


Collector-Emitter Breakdown Voltage**. 
(I; = 100 mA, I, = 0) 2N2832 
2N2833 


Emitter Floating Potential* 
(Vop = 80V, Ip = 0) 
(VcB = 120V, Ig = 0) 
(VCB = 140V, Ip = 0) 


2N2632 


DC Current Transfer Ratio 
(Ic = 1.04, Vcp = 2V) 
(ic =10A, Vop = 2V) 


Collector-Emitter Saturation Voltage 
(Ic = 1.0 Adc, In = 100 mAdc) 

(I. = 10 Adc, Ip = 1.0 Adc) 
(Ic = 20 Adc, Ip = 2.0 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 1A, Ig = 100 mAdc) 
(I, = 104A, Ip = 1Adc) 
(I¢ = 20A, Ip = 2 Adc) 


VBE (sat) 


Small Signal Current Gain 
(Ig = 1.04, Vop = 10V,f= 5mc) 


Rise Time 


Storage Time 


* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
** PULSE TEST: PW = 1 msec, 2% Duty Cycle 
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Motorola Power Transistors 


2N2832 thru 2N2834 (continued) 
COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


Ee Se Se 
PEATE 
AEN IN peop 


i aoe 
CNOA ne PE ci — 
cee CESS CCT 


Ig, BASE CURRENT (AMPS) 
BASE- EMIT ER SATURATION VOLTAGE aaa: 


° 
wn 


° 
> 


0.3 


0.2 


0.1 


Vestet)» COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


Vestsst;» BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


Po =75W 

Ic =25A 

Vero =15V 

PNP germanium, epitaxial-base, high speed, power 

transistors for switching and power converter circuits 
operating from low-voltage power sources such as so- 
lar cells, thermo-electric generators, sea cells, fuel 
cells, and 1. 5-volt batteries. 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current (Continuous) . 


Base Current (Continuous) 


Power Dissipation 


-65 to +110 
-65 to +110 © 


Operating Case Temperature Range 


Storage Temperature Range 


Thermal resistance 
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Motorola Power Transistors 


2N2912 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


Collector Cutoff Current 
(Vor = 15 Vdc, VBE = 0.2 Vdc) 
(Vcr = 6 Vdc, VBE | = 0.2 Vdc, Te = 85°C) 


Collector-Base Cutoff Current IcBo 
(VcB = 2 Vdc, Ig = 0) 


Emitter Floating Potential 
(Voz = 15 Vdc, Ip = 0) 


Emitter Cutoff Current 
(VeB = 1.5 Vdc) 


Collector-Emitter Boog a Vcro"* Vde 
DC rorward CuEFEnt Transfer Ratio 


Collector-Emitter Saturation Voltage 
(Ic = 5 Adc, Ip = 0.5 Adc) 
(IC = 25 Adc, Ip= 2.5 Adc) 


Base-Emitter Saturation Voltage 
(Iq = 25 Adc, Ip = 2.5 Adc) 


Base-Emitter Saturation Voltage 
(Ic = 5 Adc, Ip = 0.5 Adc) 


Rise Time 
(Io = 5A, VcE = 10 V, Ip (on) = 250 mA) 


Storage Time 
(I¢ = § A, Vor = 10 V, Ip (on) = 250 mA) 


Fall Time 
(Ic = 54, Vor = 10V, VeB = 1.5 V, Roe = 6 Ohms) 


Common Emitter Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 
(Vor =2V, Io = 5 A, f = 1 me) 


* 
Sweep Test SWITCHING CIRCUIT 


O 
SCOPE 


6 
CARBON 
PRF = 200 cps 
PW = 50 usec 


las = lez = 250 mA; le = 5A 
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Moforola Power Transistors 


2N2912 (continued) 


SAFE AREA OF OPERATION 


The safe operating area curve is 
applicable for all case tempera- 
tures. The thermal derating curve 
must also be observed to insure 
operation below maximum T). 


le, COLLECTOR CURRENT (AMPS) 


AVERAGE Pc (WATTS) 


0 
0 25 50 75 100 
Te, CASE TEMPERATURE (°C) 


Vee, VOLTS POWER DERATING CURVE 


2N3021 thru 2N3026 om 25 


Vecso = 30-60 V 


PNP silicon power transistors for ClassC power amp- 
lifiers, high-current core switching and high-speed 
switching and amplifier applications. 


CASE 1 
(TO-3) 


ABSOLUTE MAXIMUM RATINGS 


angz1 | 23022 | 2N3023 
unis Sata | 2ngoz4 | 2N3025 | 2N3026 
VcB 


Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


— | = [| | 


Emitter-Base Cutoff Current 
(VBE = 4 Vdc) All Types 


Collector-Emitter Cutoff Current 

25 Vdc, Vpg-= 2 Vde) 2N3021, 2N3024 
40 Vdc, Vp = 2 Vdc) 2N3022, 2N3025 
54 Vdc, Vopr = 2 Vdc) 2N3023, 2N3026 
15 Vdc, Vag = 2 Vde, Tc = 150°C) 2N3021, 2N3024 
CE = 25 Vdc, Vpg = 2 Vde, Tc = 150°C) = 2N3022, 2N3025 
(VCE = 35 Vde, Veg = 2 Vde, Tc = 150°C) —2N3023, 2N3026 


rank roa 


Collector-Emitter Breakdown Voltage* 
(Ice = 100 mAdc, Ip = 0) 2N3021, 2N3024 
(Ic = 50 mAdc, Ip = 0) 2N3022, 2N3025 
(Ic = 20 mAdc, Ig = 0) 2N3023, 2N3026 


DC Current Gain 
(Ic = 1.0 Adc, Vogp = 2 Vde) 2N3021, 2N3022, 2N3023 
2N3024, 2N3025, 2N3026 
Collector-Emitter Saturation Voltage 


(Ic = 3 Adc, Ip = 0.3 Adc) 2N3021, 2N3022, 2N3023 
2N3024, 2N3025, 2N3026 


Base-Emitter Saturation Voltage VBE sat 
Mes 9 Bac. Ip =O, Ade) 
Small Signal Current Gain 
(Ic = 0.5 Adc, Vop = 15 Vde, { = 30 mc) 
Switching Times (Figures 17 and 18) ty +t, 100 
(lc = 1 Ade, Tp1 = Ipg = 100 m Adc) ts 100 
te 15 


*Perform tests using sweep method to prevent heating. 


VCE (sat) 


25 


: 
5 
= 
é 15 
8 
POWER DERATING CURVE : 
& 
THESE TRANSISTORS ARE ALSO SUBJECT TO SAFE AREA CURVES AS Z 5 
INDICATED BY FIGURES 2, 3, 4. BOTH LIMITS ARE APPLICABLE 
AND MUST BE OBSERVED a ; 
0 25 15 125 175 
Te, CASE TEMPERATURE (°C) 


SAFE OPERATING AREAS 


2N3021, 2N3024 2N3022, 2N3025 . 2N3023, 2N3026 

10 
e CASEI 
i ESTA 
Seecocecnets 
5 Oe eS 
a \ SRRRREEANON 
Pie ecsom=ey | FPP +t et tt 
Oe lO Oh SOG al OO 
. LE eee 
50 0O 10 60 


Veg, COLLECTOR EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Ic- Vce limits below which the devices will not go into secondary breakdown. As the safe opet ade areas shown are 
e 


independent of temperature and duty cycle. these curves can be used as long as the average power derating curve (Figure 1) is also taken j 
insure operation below the maximum junction temperature. : “ : Bi consideration to 
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Moforola Power Transistors 


2N3021 thru 2N3026 (continued) 


Vezizarj. BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


Veejsatys COLLECTOR -EMITTER SATURATION VOLTAGE (VOLTS) Vestatiy COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


Is, BASE CURRENT (mA) 


BASE-EMITTER SATURATION VOLTAGE VARIATIONS 


Set 
—— — 40°C 
wee 150°C 


600 700 


Lang 
> 


1.0 


ar 


we BASE F CURRENT (mA) 
COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS, 2N3021 thru 2N3023 


ee i 
ee all 
Pt TE eT = 

Pt TA 
a RE SSSSll 
pt tT TNA PSSST dP 
Cn es i 


8 10 20 40 600 800 1000 
Ig, BASE CURRENT ima) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS, 2N3024 thru 2N3026 


—— 25°C 
ameem 150°C 


— AHS ARSE ll 
ANE NSE sett 
| NSE SSP | ei 
LT ees DET et LLL 


8 10 20 60 80 100 600 800 1000 
I,, BASE CURRENT (mA) 


BASE CURRENT — VOLTAGE VARIATIONS COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 


— << 2 


Ic, COLLECTOR CURRENT (AMPS) 


Vec, BASE-EMITTER VOLTAGE (VOLTS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


CURRENT GAIN VARIATIONS, 2N3021 thru 2N3023 


hyg, CURRENT GAIN 


tc, COLLECTOR CURRENT (AMPS) 


CURRENT GAIN VARIATIONS, 2N3024 thru 2N3026 


hes» CURRENT GAIN 


RISE TIME FACTOR 


is 
RISE TIME (0 — $0%)t 


) = a 
aS Bo = hy, AT EDGE OF SATURATION 
@ Br = Ic IN SATURATION / I, (BASE “ON” CURRENT) 


R, RISE TIME FACTOR (NORMALIZED t,/+ 48) 
7,, ACTIVE REGION. TIME CONSTANT (nsec) 


12 Becki ie 
ee = ee 
10 becca eee ee 
1 2 5 10 20 0.1 04 06 08 1 2 3 
Bobs Ic, COLLECTOR CURRENT (AMPS) 


SWITCHING TIME EQUATIONS 


Using charge control theory and data given with this transistor, switching times for a wide variety of conditions 
can be readily computed. For specific information regarding this technique, see Chapter 5 of the Motorola Switching 
Transistor Handbook. 
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Motorola Power Transistors 


2N3021 thru 2N3026 (continued) 


TIME (nsec) 


50,000 


30,000 


Q,, TOTAL CONTROL CHARGE (pico-coulombs) 


3 
(=) 


20,000 


10,000 


TYPICAL SWITCHING TIMES JUNCTION CAPACITANCE VARIATIONS 
1000r~ T_T TIT 7|ITIIM ITT 
800 | || tt et 

are = itty. tt 
600 — oie 
ee ie ee, 
en Ne 
: ne hy NUTT 
: UA EEE EE 
Pm 
o 
: — aed s = 
5 
5 
> 1000— ro NAIL | 
80 Ee ee Ba. O ee ee ee 
th so 
60 —+— + 
a a 
40 ai 
0.1 0.2 0406 1 2 4 6810 20 
les COLLECTOR CURRENT (AMPS) REVERSE JUNCTION VOLTAGE (VOLTS) 


TOTAL CONTROL CHARGE VARIATION 


Total Contro! Charge. When a transistor is held in a conductive 
state by a current, In, a charge, Qs, is developed in the active 
region. A charge, Qr, of opposite polarity, equal in magnitude, 
can be stored on an external capacitor, C, to neutralize the in- 
ternal charge and considerably reduce the turn-off time of the 
transistor. Given Qr from Figure 16A, the external C for mini- 
mum turn-off in any circuit is: C — Qr/V, where V is shown 
in Figure 16B and is Ie: Rx. 


3 
Ss 


AWOL UT 
(NICH « 


L— 2N3024 _ 2N3026 | | 


eT 


0.1 


s 
[=] 
r=] 
it~] 


ni COLLECTOR een dues 
For additional information, see Chapter 5 of the Motorola Switching Transistor Handbook. 
TURN-ON TIME TEST CONDITIONS 
V,. ADJUSTED TO 1, USING CURRENT PROBE. 12 V OUTPUT PULSE 


t, OF INPUT < 10 nsec. SCOPE < 5 nsec. 
la = 100 mA 


INPUT PULSE 


ty IS MEASURED FROM 10% POINT OF V,, 


INPUT PULSE V,, ADJUSTED TO 1, USING 12V 
CURRENT PROBE. T, < 10 nsec. 


gy PULSE WIDTH > 10 psec OUTPUT PULSE 
10% Ie = 100 mA 129 x 
| 90% 
Vi, 0 
Via os + 9V ions 
80% Ie 0 
-uvV 


t 


t, IS MEASURED FROM 90% POINT OF V,, 
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Motorola Power Transistors 


2N3o | 1 thru 2N3o | 6 Po =170W 


Ic =5A 
Vso = 30-60 V 


PNP germanium power transistors for high-power 


CASE 7 applications. 


(TO-36) 


MAXIMUM RATINGS 


Characteristic Symbol = 3Nasig aussie, «aig (Unit 


Collector-Base Voltage 
Collector-Emitter Voltage 


Collector- Emitter Voltage 


Emitter-Base Voltage 

Collector Current (Continuous) 

Power Dissipation at Tc = 25°C 

Junction Temperature Range -65 to +110 


Thermal Resistance 0.5 


POWER-TEMPERATURE DERATING CURVE 


E The maximum continuous power is 
= related to maximum junction tempera- 
= ture by the thermal resistance factor. 
a This curve has a value of 170 Watts at 
6 case temperatures of 25°C and is 0 Watts 
= at 110°C with a linear relation between 
3 the two temperatures such that: 
10 20 30 40 50 60 70 80 90 100 110 
Te, CASE TEMPERATURE (¢) allowable Pp = 110° - Tc 
0.5 
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Motorola Power Transistors 


2N3311 thru 2N3316 (continued) 


ELECTRICAL CHARACTERISTICS (At. Tc= 25°C unless otherwise specified.) 


Characteristic; | 


Collector-Base Cutoff Current 


(VcB = VcB max) 
(Vcop = -2 Vde, Ip = 0) 


Collector Cutoff Current 


(Vcr = 10 Vdc, Ip= 0) 2N3311, 2N3314 
(Voge = 15 Vde, Ip= 0) 2N3312, 2N3315 
(VcE = 20 Vdc, Ip= 0) 2N3313, 2N3316 


Collector Cutoff Current 
(Vcr = 25 Vdc, VBE = 1 Vdc, 


Tc = 100°C) 2N3311, 2N3314 
(Vcge = 40 Vdc, Vpp = 1 Vde, 
Tc = 100°C, 2N3312, 2N3315 
(Vcr = 55 Vdc, Vpr = 1 Vdc, 


Tc = 100°C) 2N3313, 2N3316 


Emitter-Base Cutoff Current 
(VEB = VeB max Ic * °) 


Collector-Emitter Breakdown Voltage* 

(Ic = 300 mAdc, Veg = 0) 2N3311, 2N3314 
2N3312, '2N3315 
2N3313, 2N3316 


Collector-Emitter Breakdown Voltage* 
(Ic = 500 mAdc, Ip = 0) 2N3311, 2N3314 

| 2N3312, 2N3315 

2N3313, 2N3316 


DC Current Gain 
(Ic = 3 Adc, Vop = 2 Vdc) 2N3311 thru 2N3313 
2N3314 thru 2N3316 

(Ic = 500 mAdc, Vop = 2 Vdc) 2N3311 thru 2N3313 
2N3314 thru 2N3316 


Small Signal Current Gain 


Collector-Emitter Saturation Voltage VcE(sat) 
(Io = 3 Adc, Ip = 300 mAdc) 
Base-Emitter Voltage VBE a Vdc 
0.5 
he 
(ig = 3 Adc, Vog = 2 Vdc, ° 
f = 0.5 ke) 2N3311 thru 2N3313 


(Ic = 3 Adc, Vog = 2 Vdc) 2N3311 thru 2N3313 
60 
100 
90 
2N3314 thru 2N3316 120 


2N3314 thru 2N3316 
Common Emitter Cutoff Frequency 
(Ic = 3 Adc, Vog = 2 Vdc) 
*To avoid excessive heating of the collector junction, 
perform these tests with an oscilloscope. 
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2N3311 thru 2N3316 (continued) 


2N3311, 2N3314 (25 ysec to § msec pulse) 


170-WATT AVERAGE 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


Ic, COLLECTOR CURRENT (AMPS) 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


10 2N3312, 2N331§ (25 asec 10 S msec pulse) 


25-50 psec 


Motorola Power Transistors 


250 usec 


170-WATT AVERAGE 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


Ic, COLLECTOR CURRENT (AMPS) 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


SAFE OPERATING AREA 


The Safe Operating Area Curves indicate the Ic-Veg limits 
below which the devices will not go into secondary break- 
down. As the safe operating areas shown are independent of 
temperature and duty cycle, these curves can be used as long 
as the average power derating curve is also taken into con- 
sideration to insure operation below the maximum junction 
temperature. 


2N3313, 2N3316 


ine 


(25 asec to 5 msec pulse) 


<\ \— 25-50 psec 
Ne NE a 


Pea! Eee 


170-WATT AVERAGE 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


Ic, COLLECTOR CURRENT (AMPS) 


0 10 20 30 40 50 60 70 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


TEMPERATURE CHARACTERISTICS 


lego versus TEMPERATURE 


—n a Se ee ee ee oe 


100 


10 


ne, SS A LS A LL AS See soa 
ey 26 ee ee ee eee 


eso (MILLIAMPERES) 
S 


0.1 


s 
Nh 


es a it 
ia a i 
PA ee ee es 
0 20 40 60 80 100 
Te, CASE TEMPERATURE (°C) 


hee» (% Of Neg @ 25°C) 


Bre, (% Of Bre @ 25°C) 


— Motorola 


2N3445 thru 2N3448 


ABSOLUTE MAXIMUM RATINGS 
Characteristic 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current (Continuous) 
Base Current (Continuous) 


Power Dissipation 


Junction Operating Temperature Range 


POWER DERATING CURVE 


These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 


Pp, AVERAGE POWER 
DISSIPATION (WATTS) - 


Power Transistors 


Po = 118 W 
lk=7.5A 
Vcso = 80-100 V 


NPN silicon power transistors for switching and amp- 
lifier applications requiring fast response, wide bandwidth 
and good Beta linearity. | 


sil IME Ea 
Vop 80 100 =—s«‘Volts 
Ver 60 80 Volts _ 
VEB 6 10 Volts 
Ic 7.5 7.5 Amps 
I 40 4.0 Amps 
Pp 115 115 Watts 
Ty -65 to +200 oC 


SAFE OPERATING AREAS 


le, COLLECTOR CURRENT (AMPS) 


I 
om 1,175 
i creda Ty = 25°C 


2N3446, 2N3448 


al 
iN 
thie 
BV 
Zn ] 


0 10 20 30 40 S0 60 
Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


70 «680 
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The Safe Operating Area 
Curves indicate Ic — Vce 
limits below which the device 
will not go into secondary 
breakdown. Collector load 
lines for specific circuits must 
fall within the applicable Safe 
Area to avoid causing a col- 
lector-emitter short. (Duty 
cycle of the excursions make 
no significant change in these 
safe areas.) To insure opera- 
tion below the maximum T;, 
the power-temperature de- 
rating curve must be ob- 
served for both steady state 
and pulse power conditions. 


2N3445 thru 2N3448 (continued) 


Motorola Power Transistors 


ELECTR ICAL Cc HARACTER | STI cS (Tc = 25*C unless otherwise noted) 


Emitter-Base Cutoff Current 
(Vpp = 6 Vdc) 2N3445, 2N3447 
(VeB = 10 Vdc) 2N3446, 2N3448 


Collector-Emitter Cutoff Current 
(Vog = 60 Vde, Vpp = -1 Vdc) 2N3445, 2N3447 
(VcE = 60 Vde, VBE = -1 Vdc, Tc = 150°C) 2N3445, 2N3447 
(VcE = 80 Vde, Vgp = -1 Vde) 2N3446, 2N3448 
(VcE = 80 Vde, Vpp = -1 Vde, Tc = 150°C) 2N3446, 2N3448 


Collector-Emitter Cutoff Current 
(VcE = 40 Vdc, Ip = 0) 2N3445, 2N3447 
(Veg = 60 Vde, Ip = 0) 2N3446, 2N3448 


Collector-Base Breakdown Voltage 
(I, =o 1 mAdc, Ip = 0) 2N3445, 2N3447 


2N3446, 2N3448 


Collector-Emitter Sustaining Voltage 
(Ic = 100 mAdc, Ip= 0) 2N3445, 2N3447 


2N3446, 2N3448 


DC Current Gain 
(Ig = 0.5 Adc, Veg = 5 Vde) 2N3445, 2N3446 


(Ig = 3 Ade, Vop = 
(ig = 5 Ade, Vop = 5 Vde) 2N3447, 2N3448 


Collector-Emitter Saturation Voltage 


(Ic 


2N3447, 2N3448 
5 Vdc) 2N3445, 2N3446 


= 3 Adc, Ip = 0.3 Adc) 2N3445, 2N3446 


(Ic = 5 Ade, Ip = 0.5 Adc) 2N3447, 2N3448 
Base-Emitter Saturation Voltage 


(ic 


= 3 Adc, I, = 0.3 Adc) 2N3445, 2N3446 


(Ic = 5 Adc, Ip = 0.5 Adc) 2N3447, 2N3448 
Base-Emitter Voltage 


(Ic 


2 3 Ade, Vop = 5 Vdc) 2N3445, 2N3446 


(ig = 5 Adc, Vor = 5 Vde) 2N3447, 2N3448 


Small Signal Current Gain 
(VoE = 10 Vdc, I = 0.5 Ade, f = 1 ke) 2N3445, 2N3446 


2N3447, 2N3448 


(Veg = 10 Vde, Ig = 0.5 Adc, f = 10 mc) All Types 


Common Base Output Capacitance 
(Vop = 10 Vdc, f= 0.1 mc) 


Switching Times 
(Veco ss 25 Vde, Ry =a § ohms, Io = § A, Ip s Ipo = 0.5 A) 
Delay Time plus Rise Time 
Storage Time 
Fall Time 


Vde 
BV CBO “6 
100 
VeEo(sus) 80 
80 


0.6 
0.8 


‘0 
4 “60 
120 


COLLECTOR CURRENT versus BASE CURRENT 


10 
5.0 F—+-2N3445, 2N3446 
am = Vee =5V aan am 
£ 20 |_| BRI aa 
p* +H 
= g5 
[ =} 
S| 
S 0.2 
3 0.1 ite IAL es UI LLU 
+ 00s FEE —== 
| ft fl TAL LTT LEO 
0.02 Cea TAT 
nor eA ACUTE CTT 


0.1 02 05 10 2.0 50 10 20 50 100 200 5001000 
ts, BASE CURRENT (mA) 


Ic, COLLECTOR CURRENT (AMPS) 
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— 2N3447, 2N3448 oa a 
fee Hy tea Tt 
7.47 il IT 


titi Ze IN 


or 


2.0 
1.0 


See eee 
ttt te ai =z 


CHI HA SS esa 
EM MUIIIVAv.G8: (A 


sa Z Ly FS 


EH ‘ii omen maiti 
SZ oth 


| A] 0d 
AVA Cr 


0.102 0510 20 50 10 20 50 100 200 500 1000 
Ig, BASE CURRENT (mA) 


0.5 


0.2 
0.1 


0.05 


0.02 
0.01 


Motorola Power Transistors 


2N3445 thru 2N3448 (continued) 


CURRENT GAIN VARIATIONS 


beg, CURRENT GAIN 


0.1 0.2 0.3 04 05 0.7 1.0 3.0 40 5.0 7.0 ~ 10 
Ic, COLLECTOR CURRENT (AMPS) 


heg, CURRENT GAIN 


Ic, COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


Vestaty: COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


1 2 3 5 7 10 20 30 50 70 8§=100 200 =. 300 500 700 1000 
t,, BASE CURRENT (mA) 
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Motorola Power Transistors 
2N3445 thru 2N3448 (continued) 


COLLECTOR CURRENT-VOLTAGE BASE CURRENT-VOLTAGE 
VARIATIONS VARIATIONS 


fa, BASE CURRENT (mA) 


/ +25°C 

1.0 — aru [| 
ar = 

0.7 @ aes 

0.5 


te, COLLECTOR CURRENT (AMPS) 


0.3 
0.2 
0.1 
0 02 04 O06 O8 10 12 £14 0 0.2 0.4 0.6 0.8 1.0 1.2 
Vee, BASE-EMITTER VOLTAGE (VOLTS) Vez, BASE-EMITTER VOLTAGE (VOLTS) 
TYPICAL SWITCHING TIMES 


TEST CIRCUIT 


Ney = bez = 1e/10 Pe lo = 5A, le, = tap = 0.5A 
= ee mn ee ee ton ~ 30 psec 
Ss th SER a 
WAVE SHAPE +30V 
AT POINTA 
—9V 
le tin ple 4.8 
~l.7msec msec 
100 200 
1W 1W 


= S58 


0.1 02 03 05 0.7 1.0 20 3.0 5.0 
Ie, COLLECTOR CURRENT (AMPS) = 
ACTIVE REGION TIME CONSTANT RISE TIME FACTOR 


SaaS mise 


2 me Pail 
a OS ee ee ee ee a 
ee re 
ges Co le nee ade a 
> LIN TTT TT Tt & 
Bg ONT | ri 
2 
S e | 
bee} [--4 
2 
a ERE 
2 el, a 
re) eee = Pai doae oe ee 
ae) a a OO 0 CT ONE 
> Aaa el ae “ Pe 
0.1 0.2 0.3 0.5 0.7 1.0 2.0 3.0 5.0 1 2 3 § 7 10 20 30 50 70 100 
le, COLLECTOR CURRENT (AMPS) Bo/ Br 
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2noOl ] thru 2N 3614 


anil PA 
yar 


SS a Se 


Ic, COLLECTOR CURRENT (AMPS) 


SAFE 
AREA 
20 mA 
0 y 
0 AY| 


0 5 10 1§ 20 ys) 30 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

NOTE — The Safe Operating Area Curves indicate 
I¢-Voeg limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BVogg voltage limit only if the collector 
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Motorola Power Transistors 


Emitter-Base Voltage VeBO 


a 
Ic 

| ip 

E™ | 


Vcso = 40-6 V 


PNP germanium power transistors for switching and 
amplifier applications. 


2N3612 
2N3614 


ae ae 
ee, 


dc 
dc 
% 


-65 to +110 % 


2 < 
“S & 
sale ane 


Oo Oo 
ara 
MLD MAT 

EA 


| KN 


ENN 


Ic, COLLECTOR CURRENT (AMPS) 


0 5 0 6 0 86 3 3 44 4 
Voce, COLLECTOR-EMITTER VOLTAGE (VGLTS) 

current has been reduced to 20 mA or less before or 

at the BVogg limit; then and only then may the load 

line be extended to the absolute maximum voltage rat- 

ing of BVeno- To insure operation below the maximum 

T;, the power-temperature derating curve must be ob- 
‘served for both steady state and pulse power condi- 
tions. 


Motorola Power Transistors 


2N3611 thru 2N3614 (continued) 


ELECTRICAL CHARACTERISTICS 


a 


Collector-Emitter Breakdown Voltage* 
(Ig = = 250 mAdc) 2N3611, 2N3613 
2N3612, 2N3614 


Collector-Emitter Breakdown Voltage* 
(Ip = §00 mAdc) 2N3611, 2N3613 
2N3612, 2N3614 


Floating Potential VeBF = 
(Yop = Yop ™*) eal hs 


Collector-Emitter Leakage Current 


(Vor = 1/2 Voro ™2%) 


Collector-Emitter Leakage Current 


(Vor = Vor max, V,.. = 1.0 Vdc, T 


BE = +100°C) 


¢ All Types 


Collector-Base Cutoff Current 
(Voz = 2 Vdc) All Types 


(Von = 25 Vdc) 2N3611, 2N3613 
(Vaz = 40 Vdc) 2N3612, 2N3614 
(V ne Vop max) All Types 


Emitter-Base Cutoff Current 
(Vez = Ven max) All Types 
(Vip = 12 Vdc) All Types 


Collector-Emitter Saturation Voltage 
(Ip = 3 Adc, I, = 300 mAdc) 


(Io = 7 Adc, I, = 700 mAdc) 


Base-Emitter Saturation Voltage 


In = 3 Adc, I = 300 mAdc) 2N3611, 2N3612 
2N3613, 2N3614 
(I, = 17 Adc, I, = 700.mAdc) 2N3611, 2N3612 


2N3613, 2N3614 


ic esaaternary ie 
(Ig = $3 Adc, Vor = 2 Vdc) 2N3611, 2N3612 
2N3613, 2N3614 


Small Signal Current Gain ; 
(In = 0.5 A, i nine All Types 


(I, =0.5 A, Vor =2V, f=1 ke) 2N3611, 2N3612 
2N3613, 2N36%4 


DC Current Gain 


(In = 3 Adc, Vor = 2 Vdc) 2N3611, 2N3612 
2N3613, 2N3614 
(I, =7 Ade, Vor = 2 Vdc) 2N3611, 2N3612 


2N3613, 2N3614 


*Sweep Test: 1/2 sine wave, 60 cps 


POWER-TEMPERATURE DERATING CURVE 
@tm @Ic FIGURE 1 — POWER-TEMPERATURE DERATING CURVE 


These transistors are 
also subject to safe area 
curves. Both limits are 
applicable and must be 
observed. 


Pp, ALLOWABLE AVERAGE 
POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
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Motorola Power Transistors 


2N3611 thru 2N3614 (continued) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


TYPICAL SWITCHING TIMES 


ge 
= 
= 
= 
oe 3S 
5 2 
4 = 
8 2 
0 0.2 0.4 0.6 08 1.0 0.3 0.5 0.7 1.0 2.0 3.0 5.0 6.0 
Vee, BASE-EMITTER VOLTAGE (VOLTS) lc, COLLECTOR CURRENT (AMPS) 


DC CURRENT GAIN versus COLLECTOR CURRENT 


hre, DC CURRENT GAIN 


Ic, COLLECTOR sate ime 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


TTT SSCS Ce SSS 
UU TT LET ime 
7 10 20 30 50 


i BASE act ae 


Voe{sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


700 
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Motorola Power Transistors 


2N3615 thy 2N3618 feria 


Veso = 80-100 V 


PNP germanium power transistors for Switching and 
amplifier applications. 


MAXIMUM RATINGS 


as 2N3615 2N3616 
Characteristics Symbol oN3617 oN3618 Unit 


Collector-Emitter Voltage Vcrs 60 75 Vde 
Collector~Emitter Voltage Vcro 50 60 Vdc 
(Open Base) 
Collector-Base Voltage Vcso 80 100 Vdc 
Emitter-Base Voltage VERO 40 50 Vde 
Collector Current (Continuous) Io 7 Adc 
Peak Collector Current In 15 Adc 
(PW <5 msec) 
Base Current (Continuous) Ip 2 Adc 
Storage Temperature T stg -65 to+110 "C 
Operating Case Temperature To -65 to+110 "C 
Total Device Dissipation Pp Watts 
@To = 25°C 85 
Derate above 25°C 1 w/°c 
Thermal Resistance, 6I5C 1.0 °C/w 
Junction to Case 
Thermal Resistance, OCA 32.7 °C/w 


Case to Ambient 


Pp, ALLOWABLE AVERAGE 
POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
These transistors are also subject to safe area curves 
Both limits are applicable and must be observed. 
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Motorola Power Transistors 


2N3615 thru 2N3618 (continued) 


ELECTRICAL CHARACTERISTICS (atT> = 25°C unless otherwise specified) 


Characteristics 
Collector-Emitter Breakdown Voltage* 
(I, = 250 mAdc) 


Collector-Emitter Breakdown Voltage* 
(In = 300 mAdc) 


Floating Potential 
(Yop = Von mA) 


Collector-Emitter Leakage Current 
(Vop 21/2 Vero mx) 


Collector-Emitter Leakage Current 


(Vor = Vor max, Var = 1.0 Vdc, T 


Collector-Base Cutoff Current 
= 2 Vdc) 


Emitter-Base Cutoff Current 
(Voz = Ves max) 


(Ven = 12 Vdc) 

Collector-Emitter Saturation Voltage 
(I, = 3 Adc, i = 300 mAdc) 
(I, = 7 Ade, I, = 700 mAdc) 


Base-Emitter Saturation Voltage 
(In = 3 Adc, I, = 300 mAdc) 


(Ip = 17 Adc, I, = 700 mAdc) 


Transconductance 
(I, =3 A, Vor 72 Y) 


Small Signal Current Gain 
(I, = 0.5 A, Vag = 12 V, f = 20 ke) 


CE 
(Ig = 0.5 A, Von =2V, f= 1 ke) 


CE 


Dc Current Gain 


(In = 3 Adc, V,.. = 2 Vdc) 


CE 


tr = 7 Adc, Vor = 2 Vdc) 


*Sweep Test: 1/2 sine wave, 60 cps 


Cc 


2N3615, 2N3617 
2N3616, 2N3618 


2N3615, 
2N3616, 


All Types 


All Types 


All Types 


All Types 
2N3615, 2N3617 
2N3616, 2N3618 
All Types 


All Types 
All Types 


2N3615, 2N3616 
2N3617, 2N3618 


2N3615, 2N3616 
2N3617, 2N3618 


2N3615, 2N3616 
2N3617, 2N3618 


All Types 


2N3615, 2N3616 
2N3617, 2N3618 


2N3615, 2N3616 
2N3617, 2N3618 


2N3615, 2N3616 
2N3617, 2N3618 
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2N3615 thru 2N3618 (continued) 


Motorola Power Transistors 


SAFE OPERATING AREAS 


2N3615 and 2N3617 


lc, COLLECTOR CURRENT (AMPS) 


0 * 10 20 30 40 50 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


NOTE The Safe Operating Area Curves indicate 
Iu-Vcy limits below which the device will not go into 
secondary breakdown. Collector load lines for specific 
circuits must fall within the applicable Safe Area to 
avoid causing a collector-emitter short. (Case tempera- 
ture and duty cycle of the excursions make no signifi- 
cant change in these safe areas.) The load line may 
exceed the BVozg voltage limit only if the collector 


2N3616 and 2N3618 


le, COLLECTOR CURRENT (AMPS) 


0 10 20 30 40 50 60 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


current has been reduced to 20 mA or less before or 
at the BV,,,, limit; then and only then may the load 
line Ke extended to the absolute maximum voltage rat- 
ing of BV.-gy. To insure operation below the maximum 
T,, the power-temperature derating curve must be ob- 
served for both steady state and pulse power condi- 
tions. 


DC CURRENT GAIN versus COLLECTOR CURRENT 


bre, OC CURRENT GAIN 


1 0.15 02 0.3 0.5 
le, COLLECTOR CURRENT (AMPS) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


PELLET TTT TAN TTT 
LSE ATT TANT TNS etat| 
ae inesetine ll 
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“ioe LEE PISS Sea Bail i ara 
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Vee{sat), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3615 thru 2N3618 (continued) 


Ic, COLLECTOR CURRENT (AMPS) 


SWITCHING TIMES (xsec) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE BASE CURRENT versus BASE-EMITTER VOLTAGE 


RS RT 
aes ary aaa) (RRS ees eee (ee (ee De 200 
2 ee ee ee ee ee ee ee Pe oe 
69 a ee 
ee sole Se ee 7 a 
a me mamas aes 
SHH s 
2.0 
Ts =+100°C E 20 
CS es es a he 2 ey A A os 3 
Es SE (2s ey ee ee 2 ee ee ee 
a me a as i 2s Gale ee De gy 
Be) ae’, ae | aa 7 a Se ‘3 10 
05 fone ee Ga 
a one 
5.0 
03 
php : val 
02 ee (ie i ae a 
Pie 1.0 
0.8 1.0 0 of 02 #O3 O04 O5 06 O7 O8 O09 10 
Vee, nee ‘aii (VOLTS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1 — Dotted line indicates Metered Base Current plus the Igyy of the transistor at 100°C. 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


300 
TYPICAL SWITCHING TIMES - 200 
100 


i —— 


Nw Ww Ss 
—) 


CTOR CURRENT (mA) 
wn wm 
o 2 


_ 
o 


had 
oJ EE CD Ti Ce ee 


Ie, 
— a) 
MR w wr 


0.3 0.5 0.7 1.0 2.0 3.0 50 70 03 0.2 01 0 -01 -02 -03 
le, COLLECTOR CURRENT (AMPS) Vee, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3/ 13 thru 2N3716 Po = 150W 


l= 10A 
Veso = 80-100 V 


NPN silicon power transistors for medium-speed 


switching and amplifier applications. 
CASE 1 
(TO-3) 


MAXIMUM RATINGS 


Operating Junction and 
Storage Temperature Range 
2N3713, 2N3715 SAFE OPERATING AREAS = 2Nn3714, 2N3716 

10 SS SS = 

EE a. GN BR EW, » Sa ~ 
7 fe —__|] —“~— 
[| _ petoSmeee 4 r Tae SS SNAG a r\ 

OC to 
1 < 50 C 

: ane Seay Mtosme—N\| Al \I\ se 


ee ee ae 


NA 


lc, COLLECTOR CURRENT (AMPS) 


i” 


ame. 


0 40 50 


60 70 80 


0 10 20 30 40 50 60 70 0 10 20 3 
Vce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate I; — Voy limits cant change in these safe areas.) To insure operation below 
below which the device will not go into secondary break- the maximum T,, the power-temperature derating curve 
down. Collector load lines for specific circuits must fall must be observed for both steady state and pulse power 
within the applicable Safe Area to avoid causing a collector- conditions. 


emitter short. (Duty cycle of the excursions make no signifi- 
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Motorola Power Transistors 


2N3713 thru 2N3716 (continued) 
ELECTRICAL CHARACTERISTICS (tc=25°C untess otherwise noted) 


Emitter-Base Cutoff Current 
(Vep = 7 Vde) All Types 


Collector-Emitter Cutoff Current 
(Vog = 60 Vde, VBE = -1.5 Vde) 2N3713, 2N3715 
(Vor = 100 Vdc, V BE -1.5 Vde) : 2N8714, 2N3716 
Vor = 60 Vdc, Vpp 7 -1.5 Vde, To * 180°C) 2N3718, 2N3715 
(Veg =80 Vdc, Veg * -1.5 Vde, Teo = 160°C) 2N8714, 2N3716 


Collector-Emitter Sustaining Voltage* 
(Ig = 200 mAdc, Ip = 0) 2N3713, 2N3715 
2N3714, 2N3716 


DC Current Gain* 
(ig = 1 Adc, VcE = 2 Vac) 2N3713, 2N3714 
2N3715, 2N3716 
(lg = 3 Ade, Vox = 2 Vde) 2N8718, 2N3714 
2N3715, 2N3716 


Collector-Emitter Saturation Voltage * 
lc = § Ade, Ip = 0.5 Adc) 2N3713, 2N3714 
2N3715, 2N3716 


VcE(eat) * 


Base-Emitter Saturation Voltage * 
(ic = 5 Ade, Ip = 0.5 Adc) 2N38713, 2N3714 
2N3715, 2N3716 


VBE(sat) * 


Base-Emitter Voltage * 
Smali Signal Current Gain 
(VcE = 10 Vde, Io = 0.5 Adc, f = 1 me) All Types 


Vpr* 


Switching Times 
= §A, I = 0.5 A) 
"Fie Time” * pe 
Storage Time 
Fall Time 


*Use sweep test to prevent overheat: ig 


- COLLECTOR-EMITTER pesthesalas VOLTAGE VARIATIONS 
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Motorola Power Transistors 


2N3713 thru 2N3716 (continued) 


COLLECTOR CURRENT versus BASE CURRENT 
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Ip, BASE CURRENT (mA) 


COLLECTOR CURRENT-VOLTAGE VARIATIONS 


Ig, BASE CURRENT (mA) 


BASE CURRENT-VOLTAGE VARIATIONS 


| 


Ty= 175°C 


(SdA¥) INZHUND HOLDITION = 


TT Tm 77° 
WNT TT TTT 
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geez xze 222948 8 


(vw) INZHUND 3svE “1 


822 88 


Veg, BASE-EMITTER VOLTAGE (VOLTS) 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


NOTE 1. Dotted line indicates metered base current plus the Icso of the transistor at 175°C , 


NOTE 2. Pulse test: pulse width . 200 psec, duty cycle a, 1.5% 


TYPICAL SWITCHING TIMES 


TEST CIRCUIT 


’ Je— ta ~ 30 psec 


vl 


=0.5A 
DUTY CYCLE ns 2% 


le = 5A, les = tes 
f exe 150 cps 


WAVE SHAPE 


. AT POINT A 


11. 


+ 


: COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


2N3713 thru 2N3716 (continued) 


CURRENT GAIN VARIATIONS 


ans zat tt HAD Hp OB a a 
i ee ee ee 
es a ce ce Oa 2 Rae 
— ae Oe ares 
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sf | | | ttt oe SS 
EST LS 
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Fe” Ia + les 
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hee, CURRENT GAIN 


05 07 10 2.0 3.0 §0 = 7. 
Ic, COLLECTOR CURRENT (AMPS) 


CURRENT GAIN— BANDWIDTH PRODUCT versus COLLECTOR CURRENT 


fy, CURRENT GAIN — BANDWIDTH PRODUCT (mc) 
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Moforola Power Transistors 


ana/ 19 Pp=1W 


l=3A 
2no/ 20 Ves — 40-60 V 


PNP silicon annular power transistors for high- 
CASE 31 speed, high-current switching in core, driver and 
(TO-5) Class C power applications. 


ABSOLUTE MAXIMUM RATINGS 


Total Device Dissipation @ Tc = 25°C 


Watts 
Derate above 25°C mw/° 
Operating Junction and Storage Ty and -65 to +200 °C | 
Temperature Range Tstg : 


aE 


Total Device Dissipation @ T, = 25°C 
Derate above 25°C 
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Vcq, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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Motorola Power Transistors 


2N3719 and 2N3720 (continued) 


ELECTRICAL CHARACTERISTICS (at Tc = 25°C unless otherwise noted) 


Characteristic 


Collector Leakage Current 
(Vog = 40 Vde, VBE = 2 Vdc) 2N3719 


(Vog = 60 Vde, Vpg = 2 Vdc) 2N3720 


Collector-Base Cutoff Current 
(Vop = 40 Vde, I, = 0, Ta = 25°C) 2N3719 


(Vop = 40 Vde, Ip = 0, Ta = 150°C) 2N38719 
(Vop = 60 Vdc, Ip = 0, Ta = 25°C) 2N8720 
(Vop = 60 Vde, Ig = 0, Ty = 150°C) 2N3720 


Emitter-Base Cutoff Current 
(Vpr = 4 Vdc, Io = 0) 


DC Current Gain* 
(Ic = 500 mA, Vog = 1.5 V, T, = 25°C) 
(ig = 1A, Vog = 1.5 V, Ta = 25°C) 
(ig = 1A, Vog = 1.5 V, Ta = -40°C) 

Collector-Emitter Saturation Voltage* VoE(eat)* 
(ig = 1A, Ip = 100 mA, T, = -40 to+100°C 
(Ig = 3 A, Ip = 300 mA, Ta = 25°C) 

Base-Emitter Saturation Voltage* Vv ig 
(Ic = 1A, Ip = 100 mA) EEto) 
(Ic = 3 A, Ip = 300 mA) 


Collector-Emitter Breakdown Voltage* BVcKo* 
(Ic =. 20 mA, Ip = 0) 


Collector Output Capacitance 
(Vop = 10 Vde, Ip = 0, £ = 100 ke) 


Input Capacitance 
Vere = 0.5 Vdc, I, = 0, f = 100 ke) 


Current-Gain — Bandwidth Product 
(Vog = 10 Vde, Ic = 500 mAde, f = 30 me) 


Delay Plus Rise Time (Figure 14) 
(Ig-= 1 Adc, Ip, = 100 mA) 


Storage Time (Figure 15) 
(Ic = 1 Adc, Ipi = = Ipe = 100 mA) 


Fall Time (Figure 15) 
(Ic = 1 Ade, Ipi = Ipg = 100 mA) 


==—40°C 
— 25° 
=-— 150°C 


Vester)» BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


a BASE CURRENT (mA) 
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Motorola Power Transistors 


2N3719 and 2N3720 (continued) 


CURRENT GAIN VARIATIONS 


NIVS ANaNUND 


Ic, COLLECTOR CURRENT (AMPS) 


COLLECTOR CURRENT vs BASE-EMITTER VOLTAGE 


BASE CURRENT — VOLTAGE VARIATIONS 


1.4 


TH 
PANT 
PINGS T 

Na : 
HN 
nC 


2 
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RNS HTT. 


| 


(yw) IN3JNUND 3Sva “I 


oy 


S$ R&B 


oo oo 


BASE-EMITTER VOLTAGE (VOLTS) 


BASE-EMITTER VOLTAGE (VOLTS) 


Ves, 


Ves, 


TOTAL CONTROL CHARGE VARIATION 


TYPICAL SWITCHING TIMES 
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lc, COLLECTOR CURRENT (AMPS) 


le, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors——"~ 


mp500 thru mP502 
mp504 thru me506 


Po =170W 
Ic = 60A 
Vso = 45-75 W 


PNP germanium power transistors for high-gain, 
high-power amplifier and switching applications in high 


CASE 7 reliability industrial equipment. 


(TO-36) 


MAXIMUM RATINGS 


Characteristic MPSO4 MP5OS MPete 


Collector-Base Voltage : 45 60 15 
Collector-Emitter Voltage 45 60 75 
Collector-Emitter Voltage 30 45 60 
Emitter-Base Voltage 25 30 40 
Collector Current 60 60 60 
Power Dissipation at Tc = 25°C 170 170 170 


Junction Temperature Range <———— -65 tot 110 ———— 


POWER DERATING POWER-TEMPERATURE DERATING CURVE 


iq 175 
The maximum continuous power is related to maximum = 150 PN ivowartsmaximum ff | 
junction temperature by the thermal resistance factor. z ee es YT 
This curve has a value of 170 Watts at case temperatures S 125 “TRL LLL 
of 25°C and is 0 Watts at 110°C with a linear relation be- & 100 pe 
; B NT 
tween the two temperatures such that: B 75 ee ~~ = 
; ae tt 
dilowable Rg eo = z 25 
a © 
S 0 
es 10 20 30 40 50 60 70 80 90 100 110 
Te, CASE TEMPERATURE (°C) 
SAFE OPERATING AREA 
MP500, MP504 MPSO1, MPSOS MP502, MPSCS 


2 EP SA NA tt 


OSES RANG Ge 
TAU 


20 5 a 
BNASEae 


le (MAX.) 2 aie. 500 usec 
2N2152 Na 250 usec 


NSN 
ERSees 


a eS 


2N2156 


ny wOhwm 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT Hie 


170-WATT 
POWER DISSIPATION AT 
25°C CASE TEMPERATURE 


COLLECTOR CURRENT (AMPERES) 


COLLECTOR CURRENT (AMPERES) 


0.1 
0 10 = 20 30 40 50 60 70 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


COLLECTOR-EMITTER VOLTAGE (VOLTS) 


The Safe Operating Area Curves indicate Ic — 
Vce limits below which the device will not go into 
secondary breakdown. Collector load lines for spe- 
cific circuits must fall within the applicable Safe 
Area to avoid causing a collector-emitter short. 


(Duty cycle of the excursions make no significant 
change in these safe areas.) To insure operation 
below the maximum T3, the power-temperature 
derating curve must be observed for both steady 
state and pulse power conditions. 
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Motorola Power Transistors 


MP500 thru MP502 MP504 thru MP506 (continued) 


ELECTR | CAL CHARACTER | STI CS (At 25°C case temperature unless otherwise specified) 


LTPD applies to “MEG-A-LIFE” units only 


a ee 


Collector-Base Cutoff Current (Note 1) 


(Vop = -45 V, Ip = 0) MP500, MPS04 
(Vop = -60 V, Ip = 0) MP501, MP505 
(VCR = -75 V, Ig = 0) MP502, MPSO6 


—_———r cm cr ee 


Collector-Base Cutoff Current 
(Veg = VcBmax Ip = 0, Tc z +71°C) All Types 
Collector-Base Cutoff Current 


—_—m mr ee 


(Vop = -2 V, 15 = 0) All T;pes 
Emitter-Base Cutoff Current (Note 1) 

(Veg = -25 V, Ic = 0) MP500, MP504 

(Vep = -30 V, Ic = 0) MP501, MP505 

(Vep = -40V, Ic = 0) MP502, MP506 


Emitter-Base Cutoff Current 
(Vep = VeB max’ Io s 0, To z 471°C) All Types 


Collector-Emitter Breakdown Voltage (Notes 1 and 2) = 


(Ig = $00 mA, Vep= 0) MP500, MP504 
MPS501, MPS05 
MP502, MP506 
Collector-Emitter Breakdown Voltage (Notes 1 and 2) 
(lg 2 1.04, Ip = 0) MP500, MP504 


MP501, MP505 
MP502, MP506 


—_———— cr ee 


Floating Potential (Note 1) 


(Vop = 45 V, Ig = 0) MP500, MP504 
(Vop* 60 V, Ig = 0) MP501, MP505 
(Vop = 75 V, Ig = 0) MP502, MP506 
DC Current Transfer Ratio (Note 1) 
(lg = 15 A, Vog = 2 V) MP500 through MP502 
MP504 through MP506 
fl, = 50 A, Vog = 2 V) All Types 
Collector-Emitter Saturation Voltage Voge (sat) 
(Ig = 15 A, Ip = 1 A) All Types 
(Ic = SOA, Ip= 5 A) All Types 
Base-Emitter Saturation Voltage Vinx (cat) 
Mg 2 154, Ig2 1 A) All Types _ 
(lg = 50 A, Ip= 5 A) All Types 
Common Emitter Cutoff Frequency 


(ig = 15 A, Vog = 2 V) All Types 


INPUT AND TRANSFER CHARACTERISTICS 


COLLECTOR CURRENT DC CURRENT GAIN 
versus BASE-EMITTER VOLTAGE versus COLLECTOR CURRENT 


7 120 
pe | T/] 
mm TL | 

MP504 - 506 / 
n/a 
J 60 
lA LT 
[| 40 
Ree ee 
Yi | ty} 7 SES 
y 
A_| {| | LEE T 
0.5 1.0 1.5 2.0 2. 0 1 


5 0 20 30 40 50 60 
Ver, BASE-EMITTER VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (AMPS) 


60 


50 100 


40 


30 


20 


Ic, COLLECTOR CURRENT (AMPS) 
hee, DC FORWARD CURRENT GAIN 


10 


—a 
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Motorola Power Transistors 


mp2060 thru MP2063 i is tis 


Veso = 80-100 V 


CASE 1 PNP germanium power transistors for audio amplifier 
(TO-3) applications. 


MAXIMUM RATINGS 


a ec 
Collector-Emitter Voltage Vcro 
(Open Base) YCEO 


Collector Current (Continuous) 


Peak Collector Current 


(PW = 5 msec) 


Base Current (Continuous) | Ip | 
Storage Temperature 
Operating Case Temperature | To | 


Total Device Dissipation 
CT co = 25°C 
C 


Derate above 25°C 
7] 
Thermal Resistance OCA 
Case to Ambient 


yr re 


Bi 
= 
s 
easle 


1°) 


il 
1 I 


-65 to+110 ———e 


Thermal Resistance 
Junction to Case 


it 
HI 


ita. - 


Pp, ALLOWABLE AVERAGE 
POWER DISSIPATION (WATTS) 


TEMPERATURE (°C) 
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Motorola Power Transistors 


MP2060 thru MP2063 (continued) 


ELECTRICAL CHARACTERISTI CS (At Tc = 25°C unless otherwise specified) 
SREY ee 
(ic = 3 Ade, Vor = 2 Vde) All Types 


Current Gain-Bandwidth Product 
(Ic = 0.5 Adc, Vop = 12 Vdc) All Types 


Collector-Emitter Saturation Voltage Vox(sat) 
(Io = 3.0 Adc, Ip = 0.3 Adc) All Types 


Base-Emitter Saturation Voltage VEE(sat) 
(lc = 3.0 Adc, lL = 0.3 Adc) All Types 
DC Transconductance 
(Ig = 3.0 Ade, Vog = 2 Vde) All Types 
BY, * 
CES 30 
45 
60 
15 


Collector-Emitter Breakdown Voltage* 
(Ig = 250 mAdc) 

BYCEO(sus)* Vae 

25 

35 

40 

60 
BV Vde 

CBO 40 

. 60 

75 

90 


Icgo 


Collector-Emitter Sustaining Voltage* 
(Ig = 500 mAdc) MP2060 
MP2061 


Collector-Base Breakdown Voltage 
(Ig = 20 mAdc) MP2060 
MP2061 


Collector-Base Cutoff Current 


(Vop = 25 Vdc) MP2060 
(Vom = 35 Vdc) MP2061 
(Ven = 40 Vdc) MP2082 


(Vop = 60 Vdc) MP2063 


Collector-Emitter Cutoff Current 
(Vor = 30 Vde, VBE(off) = 1 Vdc, Te = 100°C) 


(Vog = 45 Vdc, VBE(oft) = 1 Vdc, Te = 100°C) 


(Veg = 80 Vde, Veg(egr = 1 Vde, To = 100°C) 


(Vog = 15 Vde, Veg(ogs) = 1 Vde, To = 100°C) 
tv BER) , MP2083 


Emitter-Base Cutoff Current Ippo 
(Vgr = 20 Vdc) All Types 


Input Impedance 
(Ig =-500 mAde, Vog = -12 Vdc, ip = 1 mAdc, f = 1 kc) 
Distortion 
i, =-500 mAdc, Vop = -12 Vde, Rg = 30 unms, R; = 25 ohms, 
Rg (unbypassed) = 0.33 ohm, Poyt = 2 watts) 


*Sweep Test: 1/2 sine wave, 60 cps 


Note 1: 


Upon customer’s request the transistors will be numerically coded to identify matched pairs. 
The DC current transfer ratios are sorted into approximately 1:1.5 ranges. Any two devices 


within a bracket constitute a matched pair. No guarantee is made of gain distribution; bracket 
selection available at a slight increase in price. 


Ic = 3 Adc, Vor = 2 Vdc Min. FE Max. 
Appropriate MP¥# -1 30 45 
-2 40 60 
-3 50 75 
~4 60 90 
-5 80 120 
-6 100 150 
-7 130 200 
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MP2060 thru MP2063 (continued) 
COLLECTOR-EMITTER CURRENT versus BASE-EMITTER RESISTANCE 
4} 


SS 


coe aes ascent SR ED 

PT TT TT | ve te Vero | 
Pe 
OL 003.005 01 03-05 01 603 05 1 
Res, BASE-EMITTER RESISTANCE (X OHMS) 


COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


Ic, COLLECTOR CURRENT (AMPS) 


0 0.2 0.4 0.6 08 10 
Ves, BASE-EMITTER VOLTAGE (VOLTS) 


Motorola Power Transistors 


"tego, COLLECTOR-BASE CURRENT (NORMALIZED) 


35-10 


NORMALIZED COLLECTOR-BASE CURRENT versus JUNCTION TEMPERATURE 
300 = . 


Ts, JUNCTION TEMPERATURE (°C) 


-COLLECTOR CURRENT versus BASE-EMITTER VOLTAGE 


03 02 Ql 0 —01 0% —03 
Vez, BASE-EMITTER VOLTAGE (VOLTS) 


DC CURRENT GAIN versus COLLECTOR CURRENT | 


To 

P| | ee 

Tt 

Cr 

TTT 
1 


010 030 050 0. 


hee, OC CURRENT GAIN 
3 


03 
Ic, COLLECTOR CURRENT (AMPS) 
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Motorola Power Transistors 


MP2060 thru MP2063 (continued) 


COLLECTOR-EMITTER SATURATION VOLTAGE VARIATIONS 


Veejset), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


L Hi 700 
ls, BASE CURRENT ar 


IP 


. 


EXPANDED 
LOW CUR 


ie 


leso LIMIT 


Ic, COLLECTOR CURRENT (AMPS) 
le, COLLECTOR CURRENT (AMPS) 


0 5 —_ 15 20 25 30 5 0 6b 20 2 
Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vee, COLLECTOR-EMITTER VOLTAG! 


MP2062 MP2063 


(Eee oe aca (Ee 
oS 


== 
Be 
& 
& 


EXPANDED 
LOW CURRENT AREA 


Ic, COLLECTOR CURRENT (AMPS) 


le, COLLECTOR CURRENT (AMPS) 


20 mA 
leso LIMIT 


0 5A |_| 
0 10 20 30 40 50 60 0 0 2 300—C«<at atti (ttt 
Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) Voce, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
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A WORD ABOUT ANNULAR... 


Cross Section of an Annular Transistor 


METALLIC CONTACTS 


P+ ANNULAR BAND 
TERMINATES CHANNEL 
N\ 


WDAOASS S DWH SSN Yee BSS PPP 


IMAASN 
LLL LLL LA: eS VY Wt ) Pee] ae Gyre zi VL LLL LS 
COLLECTOR-BASE JUNCTION N-TYPE a om 


INDUCED 
at eens, asics P-TYPE EPITAXIAL COLLECTOR REGION N-TYPE CHANNEL 


P+ SUBSTRATE 


For more than 2 years... 


Si0, PASSIVATION 


Motorola has demonstrated the advantages of the annular 
process in its line of high-frequency silicon transistors. 

This Motorola-developed process represents the most advanced 
means for manufacturing highly reliable, high-performance, surface- 
passivated silicon transistors. Initially developed as an answer to 
channeling, which prevents the fabrication of high-voltage PNP 
transistors by conventional surface passivation methods, it has been 
continually refined to provide a proven history of extreme stability 
and exceptionally long-term reliability. 

The annular structure overcomes the randomly induced chan- 
neling problem with a deliberately induced channel, with controlled 
characteristics, terminated by means of an annular diffused 
region that prevents the spread of the channel to the unpassivated 
edges of the transistor chip. 

The advantages of the annular precese are inherent in all 
Motorola PNP and NPN high-frequency transistors as well as other 
types of semiconductor devices. 

For more detailed information on the Motorola annular process, 
send for the ‘‘Annular Process”’ brochure. 
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(AA) 


MOTOROLA 
LOW-FREQUENCY, LOW-POWER TRANSISTORS 


7-1 


e For devices meeting military specifications, see page 1-18. 


e For Meg-A-Life devices with certified reliability, see page 1-21. 


e For case outline dimensions, see page 1-26. 
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—— Moforola Low-Frequency, Low-Power Germanium Transistors —— 


LOW-FREQUENCY, LOW-POWER TRANSISTORS | 


The Motorola line of low-frequency, low-power transistors, sometimes called 
the "milliwatt" line, consists of a wide selection of highly reliable germanium 
PNP devices designed for general purpose switching, and control applications. 


The line is generally characterized by devices having a power rating to 225 
mW, a maximum operating temperature range from -65°C to +100°C, anda 
typical cutoff frequency (f yb) to 8 Mc. 


QUICK SELECTION GUIDE — FOR 
AMPLIFIER / OSCILLATOR AND SWITCHING 
APPLICATIONS TO 20 KILOCYCLES. 


The following transistors merit first consideration within the specified gain- 
voltage groups. All of the specified devices have collector power dissipation 
‘ratings ( 
of 100°C. 


Po) of 150-225 mW, and dc maximum operating junction temperature 


MINIMUM | TRANSISTOR VOLTAGE RATING; Vea (R = 10K) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


COMPLETE NUMERICAL-ALPHABETICAL LISTING 


JAN 2N331 


CO = = et 
an 


colo 


USN 2N398 


USAF 2N461 
USA 2N465 


OQ = = |e emeaQMleannaw 


1 
4 
1. 
1, 
1 
2 
2 
2 
0. 
1. 
1, 
1. 
1. 
2. 
2. 


2N653 
2N654 
2N655 
2N1008 
2N1008A 


2N1008B 
2N1175 © 
2N1185 
2N1186 
2N1187 


2N1188 
2N1189 
2N1190 
2N1191 
2N1192 


Nb ON TN & OP 
ougaaanalouon 


6 
6 
6 
6 
5 
5 
5 om 
1 
6 
6 
6 
6 
; 
" 
6 
6 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


NUMERICAL-ALPHABETICAL LISTING (continued) 


MILITARY 


and 
MEG-A-LIFE 
Type 


MAXIMUM RATINGS. ELECTRIGAL CHARACTERISTICS 
| tn @veraic | te 


Ts |Veso 
°C {volts 
100 


40; 25 


2N1193 


eh 


2N1194 100 | 40 | 25 
2N1408 100 |} 50} 50@ = 
2N1413 35} 25 
2N1415 = 25 


o1 en on | 6 0 


2N1705 18 12 
2N1706 25 18 
2N1707 30 | 25 
2N1924 


2N1925 


2N1926 
2N2042 
2N2043 
2N2171 
2N3427 


2N3428 
MA112 
MA113 
MA114 
MA115 


orang! woo 


MA910 
MA1702 
MA1703 
MA1704 
MA1705 


MA1706 200 100 15 15 500 100 350 
MA1707 200 100 15 15 500 150 400 
MA1708 200 100 | 15 15 500 | 200 


4.0 min 
5. 0 min 


@MEG-A-LIFE ®le ®ls @BVces ©Minimum @Vcco @ Ree = 1K 
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—— Moforola Low-Frequency, Low-Power Germanium Transistors 


2N319 thru 2NG2I BVcio = 25 V | 
hee — to 53-121 (min-max) 
fa, — to 2.0 MC 


CASE 31 PNP germanium transistor for audio amplifier 
(TO-5) var bases 
and low-frequency switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Calator-bae Vlog — 
Collector-Emitter Voltage L- Vex | 
Enuter-Base Voliag Yes 


Collector Current 
Junction and Storage Temperature 


_ Power Dissipation at 25°C Free Air — 


Collector Cutoff Current 
Vop = -25 Vdc, te =0 


Emitter Cutoff Current 


Vip = -15 Vde, I, = 0 


Collector-Emitter Voltage 
I, = 0,6 mAdc, Rep = 10K 


DC Current Gain 
Io = 20 mAdc, Vor = -] Vdc 


DC Current Gain 


I, = 100 mAdc, V z -1 Vdc 


CE 


Base Input Voltage 


Vv 


CE” -1 Vdc, In = 20 mAdc 


Output Capacitance; Input AC Open Circuit 
Vopr = -5 Vac, I, = 1 mAdc, f=1Mc 


Frequency Cutoff 
Vos = -5 Vde, I = 1 mAdc 


Motorola Low-Frequency, Low-Power Germanium Transistors 


BV cso =18V 
2n322 thru 2NO24 hr: -to 99-198 (min-max) 
508 fa, - to 2.5 MC 


PNP germanium transistors for audio driver and low- 
power output service in entertainment equipment. 
CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 


Junction and Storage Temperature T; & Tot -65 to + 100 


Power Dissipation at 25°C Free Air 


Collector Cutoff Current 
= -16 Vdc, I= 0 


Vop = 


Emitter Cutoff Current 
VERB = -3 Vdc, In =0 


Collector -Emitter Pa 


Ia = 0.6 mAdc, R 


DC Current Gain 


Vog = -1 Vde, I, = 20 mAdc 


Cc 


Base Input Voltage 


Vor = -1 Vdc, I, = 20 mAdc 


Cc 


Output Capacitance; Input AC Open Circuit 
Vop* -5 Vdc, I= 1 mAdc, f = 1 Mc 


Frequency Cutoff 
Vos = -5 Vde, I, = 1 mAdc 


Motorola Low-Frequency, Low-Power Germanium Transistors — 


BV cso = 30 V 
2n33l hy, = 30-70 (min-max) 
fa, - to 1.5 MC 


PNP germanium transistor for audio range amplifier 
and switching service in military equipment. Have col- 
lector dissipation and storage temperature ratings sig- 

CASE 31 nificantly higher than those of the military specification 
(TO-5) (see maximum ratings table below). 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage : 
Fier Bas Volg vgno || vats 
Storage Temperature (MIL-S-19500/4C) -65 to + 85 
Storage Temperature (Motorola JAN 2N331) T 


Collector Dissipation at T Az 25°C 
(MIL-S-19500/4C 
(Derate 1.25 mW/°C above 25°C) 


Collector Dissipation at T a7 25°C 
(Motorola JAN 2N331) 
(Derate 2.67 mW/°C above 25°C) 


Characteristic 


Emitter Cutoff Current 
Ves = -12 Vdc, Io = 0) 


Collector Cutoff Current 
Von = -30 Vde, I = 0) 


Small-Signal Open-Circuit Output Admittance 
Voz = -6 Vdc, Le = 1.0 mAde, f = 1 ke) 


Small-Signal Short-Circuit Input Impedance 
(Von = -6 Vde, L. = 1.0 mAdc, f = 1 kc) 


Small-Signal Short-Circuit Forward-Current 


Transfer Ratio 
(Vag = -8 Vde, I, = 1.0 mAde, f= 1 ke) 


Small-Signal Short-Circuit Forward-Current 
Transfer Ratio Cutoff Frequency 


(Wop = -6 Vde, I, = 1 mAdc) 


Output Capacitance 
Voz = -6 Vdc, I = 1 mAdc) 


Noise Figure 
Vop = -6 Vde, I, = 1 mAdc, Rg = 1000, ohms, 


f=1ke, f=Al cps) 


Motorola Low-Frequency, Low-Power Germanium Transistors 


2N331 (continued) 


POWER-TEMPERATURE DERATING CURVE 


MOTOROLA JAN 2N331 


i 0.25°C/mW(max) 


BEE 
Pan 


Os, = 0.375°C/mWimax) 


S 


eS. 2. 2S. Ss 


(SLIVMITTIA) NOILWdISSIG TWLOL ““d 


ay 


T,, AMBIENT TEMPERATURE (°C) 


SMALL SIGNAL CURRENT GAIN versus TEMPERATURE 


ttt UT Tf 
LET NE 
ditt AGT Tf 


se 2 
<1 = 


90SZ LV INTWA “4 40 IN3OYNId 


100 


T,, JUNCTION TEMPERATURE (°C) 
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-— Motorola Low-Frequency, Low-Power Germanium Transistors 


—  BVcro = 50 V 
2NGo T thru INGOs he: te to 110-250 (min-max) 
2N2171 fa, — to 7.5 MC 


PNP germanium transistors for small-signal audio 
ore - amplifiers, Class B push-pull output stages and medium- 
7 speed switching circuits. 


ABSOLUTE MAXIMUM RATINGS 


Collector Dissipation 
T Ae 25°C 
derate 
= ° 
To = 25°C 
derate 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 
Collector-Base Cutoff Current 
(V, CB -25 Vdc) 
Emitter-Base cutoff Current 
Collector-Emitter Voltage | BVorR Vdc 
(I, = 500 HAdc, Ra, = 10K) 
hiinaks mye afi 


Itage 
2N382, 2N383, 2N2171 


(I, = 50 HAde, V 


DC Current Gain 


(I, = 20 mAdc, V 


CE* -1.0 Vdc) 2N381 


2N382 


Os 100 mAdc, V, 


CE™ -1.0 Vdc) 2N381 


2N382 
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—— Moforola Low-Frequency, Low-Power Germanium Transistors —— 


2N381 thru 2N383 
2N2171 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Small Signal Current Gain 
(y= 10 mA, Vor = -5.0V, f= 1 ke) 


Voltage Feedback Ratio 
(i, = 10 mA, Vor = -5 V, f = 1 ke) 


Input Impedance 
(u= 10 mA, VoE = -§.0V, f= 1 ke) 


Output Admittance 
(= 10 mA, Vor = -5.0V, f= 1 ke) 


Transducer Gain 
R= 3002, Ry = 500 2 ) 


®, = 4500, R, = 5002) 
(R_ = 5502, R. = 5002) 


g 
(R_-= 7852, R. = 5000 ) 


& 


L 
L 
L 


Output Capacitance 
Qi, = 1 mA, Vop = -6V) 


Noise Figure 
te 1 mA, Vor = -8V, R= 1 ke, f = 1 ke) 


Cutoff Frequency 


(,=1mA, V 


cp = ~8V) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2no98 ,2nN398 A BVcso = 105 V 


hee = 20 (min) 
fa, - to 1.0 MC (typ) 


PNP germanium transistor for high-voltage, audio- 


CASE 31 frequency applications. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS | 


. 
[eanaarbaneaim Fey 


Collector-Base Cutoff Current 
Voz = 105 V, Ip = Q) 


Collector-Base Cutoff Current 


Vop =2:.5V, I, = 9) 
Emitter-Base Cutoff Current an A 
Veep = 50V, Io = 0) 


Collector-Emitter Saturation Voltage Vv 

(i, = 5 mAde; I,, = 0, 25 mAdc) 
‘Base-Emitter Saturation Voltage Vv 

, = § mAdc; _ = 0, 25 mAdc) BE GAT) 
DC Current Transfor Ratio 

Mo = § mAdc; Vor = 0. 35 Vdc) 


DC Collector-Emitter Punch-Through Voltage 
(V cp necessary to obtain Veep of -1 V max, 
using instrument with Zin > 11 megohm to 


measure Ver) 


< < r 


< 
2 
) 


Small-Signal Short-Circuit, Forward Current 
Transfer Ratio Cutoff Frequency 
Vop = 6 Vdc; L. = 1 mAdc) 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N3 98 (continued) 


POWER — TEMPERATURE DERATING CURVE OC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
cn = U-. 


Py, POWER DISSIPATION (MILLIWATTS) 
hy, DC CURRENT TRANSFER RATIO 


0 ' 
0 #610 20063006 640065006 66070 80 90 100 0 20 40 60 80 100 120 140 160 180 200 
T,, AMBIENT TEMPERATURE (°C) Ic, COLLECTOR CURRENT (MILLIAMPERES) 
LARGE SIGNAL CURRENT GAIN (H re ) Versus TEMPERATURE OUTPUT CURRENT versus BASE-DRIVE VOLTAGE 
(Normalized to-25°C Value; Vos = 0.35V) (Vcs=—t V) 


x 
Ne 
EN 
i 


% OF VALUE AT25°C: 


ley COLLECTOR CURRENT (MILLIAMPERES) 
3 


——aa 


60 -—40 —20 0 +20 +40 +60 +80 +1060 0 0.1 0.2 0.3 0.4 05 06 07 08 
TEMPERATURE (°C) Von, BASE-EMITTER VOLTAGE (VOLTS) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n460, 2n461 BVcxo = 45 V 


h;, = 31-200 (min-max) 
fa, - to 4 MC (typ) 


PNP germanium transistor for general purpose 


CASE 31 industrial applications. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


a 
Collector-Emitter Voltage (Ror = 1K) VoER 


Collector Current 


Collector Dissipation 
at 25° C Case Temperature 
Derate above 25°C 

at 25° C Ambient Temperature 
Derate above 25°C 


Collector-Base Cutoff Current © Iono 
Von = 45 Vac) 


Emitter-Base Cutoff Current 
‘Collector-Emitter Voltage | 
i, mes mAdc, Ror =1X) | 
Smal[-Signal Current Gain _ 
(Vog = -6 Vader I, = 1 mAde, f = 1 ke) 2N460 


Small-Signal Current Gain. 


0.94 | 0.96 | 0.972 
0.995 | 0.968 | 0.988 


Vap= ~6 Vae, I, = 1 mAde, f = 1 ke) 
Reverse Voltage Ratio 0 - 

V op = “6 Vae, I, = 1 mAde, f = 1 ke) 2N460 
= 2 te, J ; 2N461 
Input Resistance = 

(Von ~ -6 Vde, I,, = 1 mAdc, f = 1 ke) an460 

Dees Sew sates Ne ee 2N461 

Output Admittance 

(Von = -6 Vde, I, = 1 mAdc, f = 1 ke) 2N460 


Frequency Cutoff — 

Vor = <5 Vde, I, = 1 mAdc) 
‘Output Capacitance 
__ Wop “10 Vee, Ig =1 mAdo, f= 1 me) 
Noise Figure 
Vor = -4.5 Vdc, I, =0.5 mAdc, Ro 1K,f=1ke) 2N460 


— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N464 thru 2N467 BVcro = 45 V 


h;, - to 112 (min) 
fa, - to 1.2 MC (typ) 


PNP germanium transistor for general purpose appli- 

cations in the audio-frequency range. These devices 

CASE 31 exceed EIA requirements for collector-current, maxi- 

(TO-5) mum temperatures and collector dissipation (See maxi- 
mum Ratings table below). 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 


Emitter -Base Voltage 


DC Collector Current 
EIA 
Motorola Units 


Max. Junction & Storage Temperature 


EIA 
Motorola Units 


Collector Dissipation in Free Air 


EIA 

Derate 2.5 mW/°C above 25°C 
Motorola Unit 

Derate 2.67 mW/°C above 25°C 


Thermal Resistance, Junction to Air 


EIA 
Motorola Units 


Collector-Emitter Breakdown Voltage 


(Ig = 0.6 mAdc, Ror 10 K ohms) 


Collector- Base Cutoff Current 
(Vv CB* 20 Vdc) 


Small Signal Current Gain Cutoff Frequency 
(Voz = 6 Vde, I, =1 mAdc) 


Small Signal Current Gain 
Vor = 6 Vdc, I, = 1.0 mAdc, f = 1 ke) 


7-15 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N464 thru 2N467 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 
Characteristic 


Small Signal Input Impedance 


(Vog = 6 Vdc, I, = 1.0 mAde, f = 1 kc) 


Small Signal Power Gain 
Vor = 6 Vdc, I, = 1.0 mAdc, f= 1kc, matched) 2N464 
2 


E 


Noise Figure 
Vor = 2.5 Vde, I, = 0.5 mAdc, f = 1 ke, R, = 10 Kohms, 


E ep YN 
=| N 
= Lae MOTOROLA be 
i ett EL NI Ne : 
i 100 IN = 
FS a 
r= =) 
a 80 = 
Z 5s 
= 60 ) = 
=! a 
2 ae ed EN 
eee 
ANE " 
ohE LT TT TT TE NIA ; 
0 10 20 30 40 50 60 70 80 90 100 —60 -40 -20 0 20 40 60 80 
AMBIENT TEMPERATURE °C JUNCTION TEMPERATURE °C 
Input Current versus Emitter-Drive Voltage Small Signal Current Gain versus Collector Current 


(common emitter 1 kc) 


BASE CURRENT (1,) MILLIAMPERES 


SMALL SIGNAL CURRENT GAIN (h;,,) 


0 20 30 40 50 60 70 80 $0 100 


0 1 


BASE TO EMITTER VOLTAGE (V_5) VOLTS COLLECTOR CURRENT (Ic) MILLIAMPERES 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n508 


FOR SPECIFICATIONS, SEE 2N322 DATA SHEET 


2n524 thru 2N527 BV = 45 V | . 


hee ~ to 72-121 (min-max) 
fa, - to 7.0 MC (max) 


PNP germanium transistor for switching and ampli- 
fier applications in the audio-frequency range. Avail- 
able for military and high-reliability industrial purposes. 

CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 
[a 


Collector Dissipation in Free Air 
@ 25°C Ambient 
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°C/mW 


alll 


Thermal Resistance 
(Junction to Air) 


Thermal Resistance 
(infinite heat sink) 


Motorola Low-Frequency, Low-Power Germanium Transistors 


2N524 THRU 2N527 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Collector Cutoff Current wAdc 
Von = 30 Vdc, L. = 0) 


Emitter Cutoff Current 
(Vp = 15 Vac, I, = 0) 


Collector-Emitter Breakdown Voltage 
(, = 0.6 mAde, Rap = 10K) All Types 


Collector-Emitter Reach Through 
(Punch-Thru) Voltage 
Veg 21 Vde, VIVM Z 2. 1 Megohm) 


Static Forward-Current Transfer Ratio 
Vor = 1 Vdc, I, = 20 mAdc) 


Small-Signal Short-Circuit Forward 
Current Transfer Ratio Frequency Cutoff 

Vop = § Vde, Le = 1 mAdc) 2N524 

2N525 

2N526 

2N527 


Output Capacitance 
(Van 25 Vde, 1, = 1 made, f = 1 Mc) All Types 
Small-Signal Open Circuit Output Admittance 
(Vop 75 Vde, 1, = 1 mAde, f = 1 Ke) 2N524 
2N525 
2N526 
2N527 
Small-Signal Open Circuit Reverse Transfer 
Voltage Ratio 
(Vag 2 5 Vde = 1 mAdc, f = 1 Ke 2N524 
ce E 2N525 
2N526 
2N527 
Small-Signal Short Circuit Input Impedance 
Vop = 5 Vac, I, = 1 mAdc, f= 1 Ke) 2N524 
2N525 
2N526 


2N527 


Collector-Emitter Saturation Voltage 


YW = 20 mAdc) 

a, = 2 mAdc) 2N524 

a = 1,33 mAdc) 2N525 

f, = 1,0 mAdc) 2N526 

Gq, = 0.67 mAdc) 2N527 
Base Input Voltage 

Vor =z 1 Vde, In = 20 mAdc) 2N524 


2N525 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 
2N524 thru 2N527 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


Noise Figure 

Von = 5 Vde, I. = 1 mAdc, 

f=1 Kc, BW = 1 Cycle) All Types 
Small-Signal Short-Circuit 
Forward-Current Transfer Ratio 


(vV... = 5 Vde, I, = 1 mAde, f = 1 Ke) 2N524 
CE "E , 2N525 


POWER-TEMPERATURE DERATING CURVE COLLECTOR CUTOFF CURRENT versus TEMPERATURE 
1000 : 


«a — = 
Es S 
25 = 
SS =] 
BS i 
 & 100 8 1.0 eg Heaieeak 2) 
=e Z al | | | 
a Z So 
a e 
é 
2 
(7) 


YH 
Sas 


100 


= 
on 
So 


0 25 50 75 100 0.01 


Ta, AMBIENT TEMPERATURE (°C) 


The maximum continuous power is related to maximum junction tem- 4 
perature by the thermal resistance factor. 0.0001 
is curve has a value of 22SmW at case temperatures of 25°C and is 


0 mW at 100°C with a linear relation between the two temperatures such that: 
100° — Ta 
allowable Pp = 0333 TEMPERATURE (°C) 


Tego VARIATION WITH TIME 


he, VARIATION WITH TIME 


g g 
= = 
rd 2 
: - 
2 2 
e = 
2 0 1000 2000 So 1000 2000 
& TIME (HOURS) :: TIME (HOURS) 
COMMON EMITTER INPUT VOLTAGE versus COLLECTOR CURRENT D-C BASE CURRENT GAIN versus COLLECTOR CURRENT 


i=] 
= 
2 s 
oad 
$ 
-_ 
s & 
[~ 4 [4 
[--4 
E s 
} mang o 
& y 
Ss 3 
: 3 
= PS 
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200 
Iq, COLLECTOR CURRENT (MILLIAMPERES) tc, COLLECTOR CURRENT (MILLIAMPERES) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2n650 ,A ai 2n652,A BVcio = 45 V 


hee - to80 (min) 
fa, - to 2.5 MC (typ) 


PNP germanium transistor for switching and ampli- 
fier applications in the audio-frequency range. Available 
CASE 31 for military and high-reliability industrial purposes. 


(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Rating 


-65 to +100 
Storage Temperature Range -65 to +100- 


Collector Dissipation in Free Air 
(Derate 2.67 mW/°C above 25°C) 


Thermal Resistance 
(Junction to Air) 


*Limited by power dissipation. 
ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Collector-Base Cutoff Current 
(Vop = 30V, Ib = 0) 


= 45 V, I, = 0) 
=10V,1,=0,T 


E 


E = +71°C) 


A 


Emitter-Base Cutoff Current 
(Vip = 30V, In = 0) 


Collector-Emitter Leakage Current 
Vor = 30 V, Ror = 10 K) 


Collector-Emitter Punch-Thru Voltage 
(VE = 1.0 V) 


Output Capacitance 
Vop = 6V, Ip = 0) 


Noise Figure 
(Vop = 4.5 V, Ip = 0.5 mA, 


R, = 1K, f = 1ke, Af = 1 cps) 


Small Signal Current Gain Cutoff Frequency 
(Voz = 6V, Ih = 1 mA) 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


2N650 thru 2N652 (continued) 
Characteristic 


Output Admittance 
(Von = 6V, i 


Small Signal Current Gain 
(Vor =6YV, I, = 1mA, f 


DC Current Transfer Ratio 
(Vor = 1.0 V, Ia = 10 mA) 


Base-Emitter Drive Voltage 
(Vor = 1.0V, lo = 10 mA) 


“igs SOA, igs koma ne 
= 50 mA, I, = 1. 67. mA) , 
= 50 mA, I, = 1.25 mA) | 
Collector-Emitter Saturation Voltage | a 
(I, = 100 mA, I, = 5.0 mA) 
(I, = 100 mA, I,, = 3.33 mA) | | 
= r) e : ; 


288 


~~ 


dus 


PERCENT OF h,,, VALUE AT 25°C | 


Po, TOTAL DISSIPATION (MILLIWATTS) 
BSessses 


ia] 
2 


"O10 20 30 a0 50 60 70 80 $0 100 ~ 30 60-40-20 9 20 40 60 80 100 
TEMPERATURE (°C) Tay JUNCTION TEMPERATURE (°C) 
COLLECTOR OUTPUT CURRENT versus 
bre versus COLLECTOR CURRENT | BASE DRIVE VOLTAGE 


250 ¢ 


- S|. 

: SECO an 
SOT 
CCocgZooe 


ill | | | | 


= BASE-EM _ VOLTAGE events) 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


3 BVcso = 30 V 
2N653 thru 2N655 he. to 100-250 (min-max) 


fo, = to 2.5 MC (typ) 


CASE 31 | 
(TO-5) PNP germanium transistor, for high-gain amplifier 
and switching service in the audio frequency range. 


ABSOLUTE MAXIMUM RATINGS 


Storage Temperature Limits 


Collector Dissipation in Free Air 
Derate 2.67 mW/°C above 25°C 


Thermal Resistance, Junction to Air 


*Limited 


ELECTRICAL CHARACTERISTICS tT, = 25° 3°C) 


Characteristic 


: Small Signal Current Gain 


ice ee ae eee 7 
Small Signal Input Impedance _. *2900 3000 8500 | ohms 
Vog = 8 Vs I, 71.0 mA, f= 1kC 


Small Signal Current Gain Cutoff 
Frequency 
Vop=8V, 1, =1.0mA 


Output Capacity 
Vop=&V, I, 79 mA, f=l1mce 


Noise Figure 
VoE= 4.5V, 1, 


Rg = 1, f=1kC 
Af = 1 cps 


Collector Reverse Current 
Vos = 25 V, I, =0 
Emitter Reverse Current 
Veep 7 25V, 1, 20 eof TT LT | 
Collector-Emitter Reverse Current 600 600 600 
Vor = 25 V, Rpr = 10k 
Base-Emitter Input Voltage Var Vde 
Vor =6V, In =1.0mA 


= 0.5 mA, 
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2N653 thru 2N655 (continued) 


PERCENT OF VALUE AT 25°C 


COLLECTOR CURRENT (I,) MILLIAMPERES 


SMALL SIGNAL CURRENT GAIN (hy,) 
vS TEMPERATURE 


Veg? 6 VOLTS 


Gn 0D 0 ee eee oD ee. 


Ne 
AT TTT 


-80 -60 -40 -20 0 20 40 60 80 100 
JUNCTION TEMPERATURE °C 


OUTPUT CURRENT vs BASE DRIVE VOLTAGE 


230 


200 , 
VCE: I VOLT 


130 


100 


$0 


0 0.2 0.4 0.6 0.8 


Motorola Low-Frequency, Low-Power Germanium Transistors 


TOTAL DISSIPATION , MILLIWATTS 


OC CURRENT GAIN (hee) 


o 10 20 30 40 50 60 


POWER - TEMPERATURE 
DERATING CURVE 


8, ,20.375°C/mw(mox)}—~ Re 
Ate eee 
La | | AN 


ALL TYPES 


70 80 90 100 
AMBIENT OR CASE TEMPERATURE °C 


LARGE SIGNAL CURRENT GAIN 
vs COLLECTOR CURRENT 


BASE TO EMITTER VOLTAGE (V,,) VOLTS 


40 60 80 100 120 140 160 
COLLECTOR CURRENT (ic) MILLIAMPERES 


180 200 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n1008,A,B BVcso = 60 V 


h;, = 40-150 (min-max) 


abd de PNP germanium transistor for audio driver and med- 
ium speed switching applications. 


ABSOLUTE MAXIMUM RATINGS 


Characteristics Symbol 2N1008 2N10088 
Collector-Base Voltage VcBo 


Enter Base Vola es 
——_ 


Collector Dissipation 
Ta= 25°C 
derate . : 
Tc = 25°C 300 
derate 4 


0 
Junction and Storage Temperature Range -65 to +100 


Collector Leakage Current 


(Vop = 10 Vdc) o., 2N1008 
(VcB = 10 Vdc, T, = 85 C) 2N1008 

(VcB = 25 Vdc) 2N1008A 
(Vcp.= 25 Vde, Ta = 85°C) 2N1008A 
(Vcep = 45 Vde) 2N1008B 


(Vop = 45 Vde, T, = 85°C) 2N1008B 


Emitter Leakage Current 
(VER = 10 Vdc) 2N1008 
2N1008A 
2N1008B 


Collector-Emitter Breakdown Voltage 
(Ic =1.0 mAdc, Rgr = 10 K) 

2N1008 

2N1008A 

2N1008B 


~ alele[” 
Collector-Emitter Saturation Voltage 


VCE (sat) Vde 
(Ic = 100 mAdc, Ip = 10 mAdc) 
Small Signal Current Gain hee 
(Ic = -10 mAdc, Vog = 5.0 Vdc, 
{= 1kc) 


ie Ro Pe ae [= [ae a 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


an1175 


FOR SPECIFICATIONS, SEE 2N1413-2N1415 DATA SHEET 


2N1 185 thru 2n7T188 BVcio = 60 V 


hee - to 130-170 (min-max) 
fa, - to 3.0 MC 


PNP germanium transistors for high-gain audio ampli- 
fier and switching applications. 
CASE 31 | 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
2N1185 


Ve 
2N1186-2N1188 

Vo 

VE 


Collector-Emitter Voltage ER Vdc 
2N1185 
2N1186-2N1188 
Io 


45 
60 
Collector Current mAdc 
(Continuous) 
Storage and Operating Temperature T ytg? T J -65 to +100 
Collector Dissipation in Free Air 
(Derate 2.67 mW/°C above 25° G) 
Thermal Resistance Ora °C/mW 
(Junction to Air) 
Thermal Resistance 950 °C/mW 
(Junction to Case) 


*Limited by power dissipation 
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—— Moforola Low-Frequency, Low-Power Germanium Transistors 


2N1185 thru 2N1188 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Cutoff Current 


(Vop = 30 V, Ip = 0) 2N1185 
(VcB = 45 V, Ig = 0) 2N1186 thru 2N1188 
(Vcp = 60 V, Ip = 0) 2N1186 thru 2N1188 


(VcB = 10 V, Ip = 0, Ta =+71°C) All Types 


Emitter-Base Cutoff Current 


| (Veg = 30 V, I, = 0) All Types 


Collector-Emitter Leakage Current 
(VcgE = 30V, Rope = 10 K) 2N1185 
(Voge = 45 V, Rpr = 10 K) 2N1186 thru 2N1188 


Collector-Emitter Punch-Thru Voltage 
Ve = 1.0 V) 2N1185 
2N1186 thru 2N1188 


Output Capacitance 
Vop=6V, I, = 9) All Types 


Noise Figure 
(Vog = 4.5 V, Ip = 0.5 mA, All Types 
R cl K, i= ike, Sf = 1 cps 


Small Signal Current Gain Cutoff 


Frequency 

(V_., = 6 V, I, =1 mA) 2N1185 
cB E 2N1186 
2N1187 
| 2N1188 

Input Impedance 
= I, =1 mA, f=1 ke) 2N1185 
cB 7 E 2N1186 


2N1187 
2N1188 


Output Admittance 
Vop26V,1,21mA,f=1ke)  2N1185 
2N1186 
2N1187 
2N1188 


Small Signal Current Gain 


(V..=6V,I,=+1mA,f=1kc) 2N1185 
CE 7 E ; 2N1186 
2N1187 


2N1188 


DC Current Transfer Ratio 

(V = 1.0V, I,=10 mA) 2N1185 
oe G 2N1186 
2N1187 
2N1188 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2N1185 thru 2N1188 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Base-Emitter Input Voltage 


2N1185 
2N1186 
2N1187 
2N1188 


» 1, = 10 mA) 


Collector-Emitter Saturation Voltage 


Collector -Emitter 


PERCENT OF h,, AT 25°C 


Ic, COLLECTOR CURRENT (MILLIAMPERES) 


2N1185 
2N1186 
2N1187 
2N1188 


Ic = 50 mA, 
(Ic = 50 mA, I 

(Ig = 50 mA, I, 
(Ic = 50 mA, Ip 


Ip = 1.0 mA) 
= 2.5 mA) 
= 1.67 mA) 
= 1.25 mA) 


turation Voltage 
(Ico = 100 mA, I, = 2.0 mA) 

(Ic = 100 mA, Tp = 5.0 mA) 

(Ic = 100 mA, Ip = 3.33 mA) 

(Ig = 100 mA, I, = 2.5 mA) 


2N1185 
2N1186 
2N1187 
2N1188 


SMALL SIGNAL CURRENT GAIN(h,.) versus TEMPERATURE 
(Typical, All Types) 


Wl 
EE 


0 
—80 —60 -—40 -20 0 20 40 60 
T,, JUNCTION TEMPERATURE (°C) 


OUTPUT CURRENT versus BASE DRIVE VOLTAGE 
250 


Vee, BASE-EMITTER VOLTAGE (VOLTS) 


Py, POWER DISSIPATION (MILLIWATTS) 


Reg, DC CURRENT TRANSFER RATIO 
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POWER-TEMPERATURE DERATING CURVE 
(For All Types) 


220 
200 


40 50 60 70 80 90 100 


TEMPERATURE (°C) 


30 


DC CURRENT TRANSFER RATIO versus COLLECTOR CURRENT 
8 

oe) EC (DO Oe (a 

Nese 


80 100 120 140 160 180 200 


60 
Ic, COLLECTOR CURRENT (MILLIAMPERES) 


— Motorola Low-Frequency, Low-Power Germanium Transistors 


2n1189 2n1190 BVcio = 45 V 
hee - 0100-170 (min-max) 
fa, - to 4.5 MC (typ) 


PNP germanium transistors for high-gain audio am- 


CASE 31 plifier and switching applications. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


a 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 
(Continuous) 
} Junction, Storage Temperature Storage Temperature -65 to +100 eo 
Collector Msccasinen Aeon in Free Air 
(Derate 2.67 mW/° C above 25° C) 
Thermal Resistance. O54 °C/mW 
(Junction to Air) 
Thermal Resistance bo °C/mW 
(Junction to Case) 


*Limited by power dissipation. 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


| Characteristic Types | Sambot| Min | Typ | Max} Unit 


Collector-Base Cutoff Current | 


(Vcp = 45 Vde,Ip = 0) 
(Vop = 10 Vde,Ip = 0, Tag = + 71°C) 


Emitter-Base Cutoff Current 
(VEB = 15 Vde, Ic = 0) 


Collector-Emitter Leakage Current 


Collector-Emitter Punch-Thru Voltage p 
(VgB = 1 Vdc, VTVM Impedance 2 1 M ohm 


Output Capacitance Cob 
(VcB = 6 Vdc, Ip = 0, f = 1 mc) 
fer Meeoce 


(Vcr = 4.5 Vde Ip = 0.5 mAdc 
2N1189 
2N1190 


Rg = 1 K,f-=1ke, Af = 1 eps) 


Small-Signal Current-Gain Cutoff Frequency 
(Von = 6 Vde, Ip = 1 mAdc) 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 
2N1189, 2N1190 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic | tpe | 
Input Impedance 
(Vop = 6 Vde, Ip- 1 mAdc, f = 1 ke) 


Output Admittance 
6 Vdc, Ip = 1 mAdc, f = 1 kc) 
2N1189 75 |120 | 175 
2N1190 125 |190 | 300 . 
2N1189 60 | 115 
2N1190 100 | 170 


2N1189 
2N1190 


(Vop = 


Small Signal Current Gain 
(Vor = 6 Vdc, Ip = 1 mAdc, f = 


1 ke) 


DC Current Transfer Ratio 
(Vor = 1.0 Vdc, Ip = 10 mAdc) 


Base-Emitter Drive Voltage 
(VcE = 1.0 Vdc, Ir = 10 mAdc) 


Collector-Emitter Saturation Voltage 


2N1189 
2N1190 
2N1189 


50 mAdc, Ip = 1.5 mA) 
(Ic = 50 mAdc, Ip = 1.0 mA) 
100 mAdc, Ip = 3.0 mA) 


(Ic = 100 mAdc, Ip = 2.0 mA) 2N1190 
SMALL SIGNAL CURRENT GAIN(h,.) versus TEMPERATURE POWER-TEMPERATURE DERATING CURVE 
600 epee All Types) (For All Types) 
0 ae GPT DN Fe GE a aa +x | 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


ONT 19 T thru 2NT 194 BVcso = 40V 


hee - to 125-600 (min-max) 
fa, - to 3.0 MC (typ) 


PNP germanium transistors for high-gain audio am- 


Sea plifier and switching applications. 


a 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 
Collector -Base Voltage > 
Collector-Emitter Voltage 


Emitter -Base Voltage BV 
Collector Current I, mAdc 
(Continuous) 
Storage and Operating Temperature T atg’ Ty -65 to +100 i a 
Collector Dissipation in Free Air 
(Derate 2.67 mW/°C above 25°C) - 


Thermal Resistance 
(Junction to Air) 


Thermal Resistance 
(Junction to Case) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


comes mt | oan | te | | ot 


Collector-Base Cutoff Current j aaa 
CBO pAde 
o : pAdc 


Emitter-Base Cutoff Current 
(Vag = 25 V, Io = 0) All Types “Adc 


Collector -Emitter Leakage Current > 
Vor =25V, Ror = 10 K) 


Output Capacitance 
(Von =6 V, I, = 1.0 mA) % = - All Types 


Noise Figure | 7 
(Von = 4:5V, 1,2 0.5mA, 


f =1 ke, R,= 100 ohms) 


Small Signal Current Gain Cutoff Frequency 
(Van =6V = 1.0 mA) 2N1191 

Yen=°%> 'p i 2N1192 
2N1193 


— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1191 thru 2N1194 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Small Signal Current Gain 
Vor =6YV, L. = 1.0 mA, 2N1191 


f = 1 ke) 


2N1192 
2N1193 
2N1194 


DC Current Gain 
(Vor =1V, I, =10 mA) 2N1191 
2N1192 
2N1193 
2N1194 


Small Signal Power Gain 
(Vor =6V, I, = 1.0 mA, 2N1191 
= 2N1192 
f= 1 kc, matched) 2N1193 
2N1194 


Base-Emitter Input Voltage 
(Vor =6V, I, =1.0 mA) 


OUTPUT CURRENT versus BASE DRIVE VOLTAGE DC CURRENT TRANSFER RATIO 


versus CURRENT COLLECTOR 
/| 7 
| 


250 


3 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2n1408 BVcio = 50V 


hee = 10 (min) 
CASE 3 PNP germanium transistor for high voltage neon dri- 
(TO- de 7 e es e e 
ver, solenoid and relay driver circuit». 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector -Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Collector Dissipation at T, =25°C 


derating factor 


Junction Temperature Range 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector -Base Cutoff Current 
(Voz = 5 Vdc, I? = 0) 


Emitter-Base Cutoff Current 
(View = 5 Vdc, Io = Q) 


_Collector-Emitter Leakage Current 
(Von = 50 Vde, Rp, = 0) 


Collector-Base Breakdown Voltage 
(In = 25 wAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = 25 wAdc, In = 0) 


Collector-Emitter Punch-Thru Voltage 
(I, = 25 uAdc) 


Base-Emitter Input Voltage 
(I, = 1.0 mAdc, Vor = 1.0 Vdc) 


DC Current Gain 


(Vog 71 Vde, I 


B= 1 mAdc) 


Small Signal Current Gain 
(Vor = 5.0 Vde, 1, =1.0 mA, f=1 ke) 


Output Admittance 
(Von = §.0 Vde, I = 1.0 mA, f =1 ke) 


— Motorola Low-Frequency, Low-Power Germanium Transistors 


2NI4ALSthru 2NT415 — mrad ° 
re - to 62 (min) 
2N1175 fo, - to 1.5 MC 


PNP germanium transistor for general purpose low- 
frequency amplifier and switching applications. Char- 


CASE 31 acteristics curves similar to 2N524-2N527 series. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Emitter-Base Voltage 
Collector Current Se 


VoBo 
VcEO 
VEBO 
ve 
_eeteimamerear [| 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1413 thru 2N1415 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vop = 30 Vdc, I, =0 
Emitter Cutoff Current 
Vip = 10 Vdc, Io =0 
Collector-Emitter Voltage 
In = 0.6 mAdc, Ror =10K 


Punch-Thru Voltage 


DC Current Gain 


I, = 20 mAde, V 


= 1 Vdc 

2N1413 
2N1414 
2N1415 
2N1175 


CE 


DC Current Gain 


Io = 100 mAdc, V 


1 Vdc 

2N1413 
2N1414 
2N1415 
2N1175 


CE ~ 


Base Input Voltage 


Va = 1Vae, I 


oe ¢ = 20 mAde 


2N1175 


Output Capacitance; Input AC Open Circuit 
Vop= 5 Vde, I, = 1 mAde, f=1 Mc 


Frequency Cutoff 


Vor = 5 Vdc, I, = 1 mAdc 


2N1413 
2N1414 
2N1415 
2N1175 


Small-Signal Short-Circuit Forward-Transfer Current Ratio 
Vor? 5 Vdc, I, = 1 mAdc, f=1 Ke 


2N1413 . 
2N1414 
2N1415 
2N1175 


Small-Signal Open Circuit Output Admittance 
Van = 5 Vde, I, =1 mAdc, f =1 Ke 


CB E 
2N1413 
2N1414 
2N1415 
2N1175 


Small-Signal Open-Circuit Reverse-Transfer Voltate Ratio 
Van = 5 Vac, I, = 1 mAdc, f=1 Ke 


CB 

2N1413 
2N1414 
2N1415 
2N1175 


Smali-Signal Short-Circuit Input Impedance 
Vapn= 5 Vdc, I, = 1 mAdc, f=1 Kc 


CB 

2N1413 
2N1414 
2N1415 
2N1175 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


BVcso - to 30V 
onl 705 thru onl 707 hee - to 60-120 (min-max) 
far, - to 4 MC (typ) 


PNP germanium transistors for audio driver appli- 
cations in transistorized radio receivers. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


a 
[carroneninsre ery 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1705 thru 2N1707 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Collector- Base Cutoff Current 


(Vop = -10 Vdc) 2N1705° 
2N1706 
(Voy = -25 Vdc) 2N1707 


Emitter- Base Cutoff Current 


(Vis = -5 Vdc) 2N1705 
2N1706 
= -10 Vdc) 2N1707 


Collector-Emitter Voltage 
(I. = 1 mAdc, R., = 1 K) 2N1705 
: = BE 2N1706 
2N1707 


Base-Emitter Voltage 
(I, = 10 mA, Vor =5V) 2N1706 


(I, = 20 mA, Vaz = 1V) 2N1705 


DC Current Gain 
(In = 10 mAdc, Vor = -5 Vv) 2N1707 


(I, = 20 mAdc, =-1V) 2N1706 


Vor 


Small Signal Current Gain 
(Ip =1mA, V,A,= -6V, f= 1 kc) 2N1705 


CE- 
(I, = 10 mA, V,,, = -5 V, f = 1 ke) 2N1706 
2N1707 


CE 


Output Admittance Conductance 
(I, = 1 mA, Vos =-6V, f=1 kc) 2N1705 


(I, = 10 mA, Vor = -5V, f= 1 kc) 2N1706, 2N1707 


Input Impedance 
(I, =1mA, V,.,.= -6V, f= 1 kc) 2N1705 


CE 
(Ig = 10 mA, Va, = -5V, f= 1 ke) 2N1706, 2N1707 


CE 


Voltage Feedback Ratio 
(I, = 1 mA, Vop =-6V, f= 1 kc) 2N1705 


(I, = 10 mA, VQ = -5 V, f= 1 ke) 2N1706 
2N1707 


Frequency Cutoff 
(I, = 1 mA, Vo = -6 V) 2N1706, 2N1707 
2N1705 


Output Capacitance 


(I, = 1 mA, Vop= -8 V, f= 1 me) 


Noise Figure 
(I, = 1 mA, Von= -6 V, R, = 1K, f=1ke 2N1705 
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— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1924 thru 2N1926 BVcxo = 60 V 


he. - to 72 (min) 
fa, - to 1.5 MC 


PNP germanium transistors for general purpose, low- 
frequency applications. Characteristics curves similar 
to 2N524-2N527 series. 
CASE 31 
(TO-5) | 


ABSOLUTE MAXIMUM RATINGS 


a ee 
Collector-Base Voltage | Yepo | 
Collector-Emitter Voltage | Vego 
Emitter-Base Voltage pees 


Junction and Storage Temperature 


Power Dissipation at 25°C Free Air oe 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Collector Cutoff Current Topo pAdc 
Vo = -45 Vdc, I, = 0 
sae Cutoff Current. pAdc 
= -25 Vdc, I 
ortector= ase vounee 


Collector-Emitter Voltage 


In = 50 pAdc, VBE = +1.5 Vdc, Rear 


Collector=imitter Maia VoER Vdc 
Io = 0.6 mAdc, R = 10K 
BE 
cee ea ee 
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= 10K 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N1924 thru 2N1926 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


ne set [ern |_ 


me Current Gain 
In = 20 mAdc, V 
34 
53 
72 
30 
47 
65 


CE 
Vv 

CE(SAT) 110 mvVde 

110 mvVdc 

110 mvVde 


200 300 mVdc 
190 280 mVdc 
180 


= -1 Vde 
2N1924 

2N1925 

2N1926 


DC Current Gain 
In = 100 mAdc, V = -1 Vdc 

2N1924 

2N1925 


2N1926 


CE 


Collector-Emitter Saturation Voltage 
I, = 1.33 mAdc, In = 20mAdc 2N1924 


= 1,0 mAdc, Ia = 20mAdc 2N1925 


= 0.67 mAdc, Iq = 20 mAdc 2N1926 


= 
] 


_ 


Base Input Voltage 


V = -1 Vdc, I 


CE = 20 mAdc 


2N1924 
2N1925 
2N1926 


Cc 


Output Capacitance; Input AC Open Circuit 
Vop = -5 Vdc, I = 1 mAdc, f = 1Mc 


Frequency Cutoff 


Van = “5 Vde, I 


CB = 1 mAdc 


E 2N1924 


2N1925 
2N 1926 


Small-Signal Short-Circuit Forward-Transfer Current Ratio 
Vor = -5 Vdc, Ip = 1 mAdc, f = 1 Ke 
2N1924 
2N1925 
2N 1926 


Small-Signal Open Circuit Output Admittance 
Vor = -5 Vdc, In = 1 mAdc,f = 1 Ke 
2N1924 
2N1925 
2N1926 


Small-Signal Open-Circuit Reverse-Transfer Voltage Ratio 
Vor = -5 Vde, I, = 1 mAdc, f=1Kce — 
2N1924 


2N1925 
2N1926 


Small-Signal Short-Circuit Input Impedance 
Vor = -5 Vdc, I = 1 mAdc, f = 1 Ke 
2N1924 
2N1925 
2N1926 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors —— 


»n2042, 2n2043 — 


hee — to 40-100 (min-max) 
fa, — to 0.75 MC 


PNP germanium transistor suitable for high-voltage 
audio switching and amplifier applications. Suitable for 
high-reliability projects as MEG-A-LIFE devices. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
_ Collector-Emitter Voltage 
Emitter-Base Voltage 


| et 
(Continuous) 
3 


Operating Junction Temperature Range 
Storage Temperature Range 


-65 to +100 °C 
Collector Dissipation in Free Air 
Derate above 25°C 


Thermal Resistance nan 0.375 °C/mW 
(Junction to Air) 

Thermal Resistance ite °C/mW - 
(Junction to Case) 


ELECTRICAL CHARACTERISTICS . (at 25°C case temperature unless otherwise noted) 


Collector-Base Cutoff Current 
(Von = 105 V, I, = 0) 
Vop = 2.5 V, I, = 0) 
Von = 105 V, I, = 0, Ty 

Emitter -Base Cutoff Current 
View = 75 V, In = 0) 


(Ven = 2.5 V, In = 0) 
Collector-Emitter Cutoff Current 


= +71°C) 


(Vor = 55 V, Ror = 10 K) 
Collector-Emitter Cutoff Current 
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Motorola Low-Frequency, Low-Power Germanium Transistors 
2N2042 , 2N20 43 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Common Emitter, Small-Signal Current Transfer Ratio 


(Vi. = 6V, 1, = 1mA, f£ = 1ke) 2N2042 
CE Cc 2N2043 


Base-Emitter Saturation Voltage 


(I, = 5 mA, I, = 0.25 mA) 


Collector-Emitter Saturation Voltage 
(I, = 0.25 mA) 
a. = 100 mA, I, = 10 mA) 


Collector Output Capacitance 


op = 6V, I, = 0) 


Common-Base, Small-Signal Forward Current 
Transfer Ratio Cutoff Frequency 


(Von = 6V, I, = 1 mA) 


. POWER-TEMPERATURE DERATING CURVE LARGE SIGNAL CURRENT GAIN versus TEMPERATURE 


ee eee 
i a 


% OF Hee @ 25°C 
3 


Pp, TOTAL DISSIPATION (MILLIWATTS) 


20 
=) —40 —20 0 +20 +40 +60 +80 +100 
TEMPERATURE (°C) T,, AMBIENT TEMPERATURE (°C) 
DC CURRENT GAIN versus COLLECTOR CURRENT COLLECTOR CURRENT versus BASE-DRIVE VOLTAGE 


he, DC CURRENT GAIN 
le, COLLECTOR CURRENT (MILLIAMPERES) 


0 20 40 60 80 100 120 140 160 180 200 0 0.2 0.4 0.6 0.8 1.0 1.2 
Ic, COLLECTGR CURRENT (MILLIAMPERES) Vez, BASE-EMITTER VOLTAGE (VOLTS) 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


onZ171 


FOR SPECIFICATIONS, SEE 2N381 DATA SHEET 


2nNo427, 2n3428 BVcso = 45 V 


hee = 350-800 (min-max) 
fa, = to 8.0 MC 


PNP germanium transistors for audio amplifier and 
medium -speed switching applications. 


CASE 31 


(TO-5) 
All leads isolated 
from case 


ABSOLUTE MAXIMUM RATINGS 


er 
a 
ef 
es 
a 
T 


Emitter- Base Voltage 
Collector Current (Continuous) 
Base Current (Continuous) 


Storage and Operating Temperature 

Range stg’ Ty -65 to +100 Cc 

Collector Dissipation in Free Air 200 mW 
Derate Above 25°C 2.67 mW/°C 


* Limited by power dissipation 


7-41 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


2N3427, 2N3428 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Collector- Base Cutoff Current Iono : uAdc 
100 
10 
50 


(Vag = 1-5 Vde, I, = 0) 
(Vog = 10 Vde, 1, = 0, Ty 
= 30 Vde, I, = 0) 


= 45 Vde, I, = 0) 


= +71°C) 


(Voz 
Vop 


Emitter- Base Cutoff Current 
(Vis = 30 Vdc, Io = 0) 


Collector-Emitter Leakage Current 
(Vor = 30 Vdc, Rup = 10K ohms) 


Collector-Emitter Punch- Thru Voltage 
= 1.0 Vdc, VTVM impedance z= 1 megohm) 


Output Capacitance 
V p= 6 Vde, I, = 9, f= 1 mc) 


Noise Figure 
(Vor = 4,5 Vdc, Ip = 0.5 mAdc, R, = 1K ohms, f= 1 kc, 


Af = 1 cps) 


Small-Signal Current-Gain Cutoff Frequency 
Von = 6 Vdc, I, = 1 mAdc) 2N3427 


Input Impedance 


Vop= 6 Vdc, I,, = 1 mAdc, f = 1 kc) 


E 


Output Admittance 
(Vop= 6 Vac, I, = 1 mAdc, f = 1 ke) 


Small-Signal Current Gain 
= 1 mAdc, f = 1 kc) 


(Vag = 6 Vac, I, 


Small-Signal Current Gain 
Vor = 6 Vde, I= 1 mAdc, f= 2 mc) 


DC Current Gain 
Ig = 20 mAdc, Vor = 1 Vdc) 


(Io = 100 mAdc, = 1 Vdc) 


VoE 
(Ig = 200 mAdc, Voq = 1 Vde) 


Base-Emitter Input Voltage 
(Vor = 1 Vdc, I, = 100 mAdc) 


Collector-Emitter Saturation Voltage 
(Ig = 100 mAdc, I, = 2 mAdc) 


To = 200 mAdc, I,= 4 mAdc) 


Motorola Low-Frequency, Low-Power Germanium Transistors —— 


2N3427, 2N3428 (continued) 


POWER-TEMPERATURE DERATING CURVE COLLECTOR CURRENT versus BASE CURRENT 


Pp, POWER DISSIPATION (MILLIWATTS) 
Ic, COLLECTOR CURRENT (MILLIAMPERES) 


0 
0 10 20 30 40 5O 60 70 80 930 100 
TEMPERATURE (°C) Ig,BASE CURRENT (MILLIAMPERES) 


QUTPUT CURRENT versus BASE DRIVE VOLTAGE DC CURRENT GAIN versus COLLECTOR CURRENT 


8 8 


Ic, COLLECTOR CURRENT (MILLIAMPERES) 
3 


0 2 40 60 80 100) 120s:180 160 «6180 = 200 
Veg, EMITTER-BASE VOLTAGE (VOLTS) Ic, COLLECTOR CURRENT (MILLIAMPERES) 


7-43 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


BV cso =15V 
mal 12 thru MA | 7 h;, — to 100-250 (min-max) 


PNP Germanium transistors for economical circuit 
applications, Available with a wide variety of gain 


ranges. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


= 
= 


Storage Temperature Limits T stg -55 to +85 


Power Dissipation 175 
@T Ts +25°C 


Collector-Emitter Current, loER 


All Types 
Collector -Base Current, IoBo 


(op = 15 V, 


I, = 0) All Types 


Small Signal Current Gain, hy ; 


Vor =6V, 


1. = 1 mA) MA112 
MA113 
MA114 
MA115 
MA116 


MA117 


Cc 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


mMa286 thru MA2O8 BVcso = 10 V 


h;, —to 180 (min) 


PNP germanium transistors for very economical cir - 
cuit applications. Available with wide variety of gain 
ranges. 

CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current 
Storage Temperature Limits | 


Power Dissipation 
@T A= +25°C 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted). 


Collector-Emitter Current, lLER 


Vor =10V 
Ror = 10 KQ) All Types 


Small Signal Current Gain, hee 


(Van =6V, 


= 1 mA) 


CE 
Io 


—— Motorola Low-Frequency, Low-Power Germanium Transistors 


MAS8 1 thru MAS89 hes to 125(min) 


fa, — to 1.75 MC (min) 


PNP germanium transistors for audio amplifier and 
medium-speed switching applications. Recommended 
as driver transistors for 50-60 Volt power transistors. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
MA881 thru MA884 
MA885 thru MA889 


Collector-Emitter Voltage 
MA881 thru MA884 
MA885 thru MA889 


Emitter-Base Voltage Ves O Vdc 


Collector Dissipation at T A= 25°C 200 mW 
Derate above 25°C 2.67 mW/°C 
Storage and Operating Temperature Tete? Ty -50 to +100 gO 
Range 8 


*Limited by power dissipation 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


MA881 thru MA889 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


PF haracteistis | SymbotfMin | Max | Ut 


Collector-Base Cutoff Current 
Vop = 30 Vdc, I, = 0) MA881 thru MA884 


Vop = §0 Vdc, In = 0) MA881 thru MA884 
(V CB 25 Vdc, I; = 0) MA885 thru MA889 
(V CB 50 Vdc, In 0) MA885 thru MA889 100 
Emitter-Base Cutoff Current pAdc 
(V EB = 15 Vdc, I, = 0) MA881 thru MA884 10 
MA885 thru MA889 15 


pAdc 


Collector-Emitter Leakage Current 
Vor = 60 Vdc, Ror = 0) MA881 thru MA884 


(Vv... = 50 Vde, R. = 0) MA885 thru MA889 
CE 


BE 


Output Capacitance 
(Van = 6 Vde, 1, 79 f= 1 mc) 


Input Impedance 
(Vop = 6 Vae, I, = 1 mAdc, f= 1 kc) 


Output Admittance 


(Van = 6 Vde, I 


Ez imAdc, f = 1 kc) All types 


CB 


DC Current Gain 
(Vor = 1 Vdc, In = 10 mAdc) 


Small-Signal Current Gain 


(V...=6 Vdc, I, =1 mAdc, f = 1kc) MA881, MA886 


CE MA882, MA887 


E 


Smali-Signal Current Gain Cutoff Frequency 


=6 Vdc, I, = 1 mAdc) MA881, MA886 


(V 
oe zs MA882, MA887 
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Motorola Low-Frequency, Low-Power Germanium Transistors 


BVcio = to 90 V 
ma909, ma910 he: = 20 (min) 


PNP Germanium transistors for high-voltage neon 
driver, solenoid and relay driver circuits. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage ta | * 
Collector-Emitter Voltage te 


Emitter-Base Voltage 

Collector Current 

Collector Dissipation at To = 25°C 

Junction and Storage Temperature 


Collector-Base Cutoff Current 
Vop= = 2.5 Vdc, I E* 0) Both Types 


Vop = 75 Vdc, In = 0) MA909 
Von = 90 Vdc, In = 0) 
Emitter-Base Cutoff Current 
Vip = 35 Vdc, In = 0) 
Vip = 45 Vdc, In = 0) 


Collector-Emitter Leakage Current 


(Vag = 75 Vde, Ray, = 0) 


Vog = 90 Vde, Re. = 0) 


Collector-Emitter Saturation Voltage VoE (eat) 
(I, = 5 mAdc, I, = 0. 25 mAde) 

Base-Emitter Saturation Voltage Vdc 
lc = 5 mAde, If, = 0. 25 mAdc) oe aa 


DC Current Gain 
(Il, = 5 mAdc, Vaz = 0.35 Vdc) 


Collector-Emitter Punch-Thru Voltage 
(Vv a7 1. 0 Vdc, Rin of VTVM - 10 to 12 Megohms) MA909 


MA910 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


mal 7 02 thru mal 708 BVczo — to 45 V 


hee —to 150-400 (min-max) 
fa, — to 7.0 MC 


PNP germanium transistors for audio amplifier and 
medium speed switching applications requiring high ac 
gain at low collector current or high dc gain at high 
collector current. 


CASE 31 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
MA1702 
MA1703 thru MA1705 
MA1706 thru MA1708 


- 3 f* 
= ae 
Collector Current (Continuous) 


Base Current (Continuous) <a 


Maximum Junction Temperature 
Storage Temperature Range 


Collector Dissipation in Free Air 
Derate Above 25°C 


*Limited by power dissipation 


Collector-Emitter Voltage 
MA1702 

MA1703 thru MA1705 
MA1706 thru MA1708 


Emitter-Base Voltage 
MA1702 

MA1703 thru MA1705 
MA1706 thru MA1708 
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—— Motorola Low-Frequency, Low-Power Germanium Transistors 


MA1702 thru MA1708 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Cutoff Current 


(Vop = 1.5 Vde, Ip = 0) MA1702 thru MA1705 
(Vop = 10 Vde, Ig =0,T, =+71°C) — MA1702 
(VeB = 15 Vdc, Ip = 0) MA1706 thru MA1708 
(Vop = 25 Vdc, Ip = 0) MA1703 thru MA1705 
(VoB = 30 Vde, Ip = 0) MA1702 


_ (Wop = 45 Vde, Ig = 0) MA1702 


Emitter-Base Cutoff Current 


(VER = 4.5 Vde, Ig = 0) MA1706 thru MA1708 
VEB = 25 Vdc, Ig = 0) MA1703 thru MA1705 
VEB = 30 Vdc, Ig = 0) MA1702 


Collector-Emitter Leakage Current 


(Vog = 15 Vde, Rpg = 10 K ohms) MA1706 thru MA1708 
(VEE = 25 Vde, Rpg = 10 K ohms) MA1703 thru MA1705 
(VoR = 30 Vdc, Rpp = 10 K ohms) MA1702 


Collector-Emitter Punch-Thru Voltage 
(Vf) = 1.0 Vac, MA1702 
VTVM impedance 2 1 megohm) 


Output Capacitance 


(Vop = 6 Vde, I, - 0, f= 1 mc) All Types 


Noise Figure 
(Vop = 4.5 Vde, I, = 0.5 mA, MA1702 
Rg =1K, f=1ke, Af = 1 cps) 


Small-Signal Current Gain Cutoff Frequency 
(Vop = 6 Vde, I, = 1 mAdc) MA1702 
MA1703 

.MA1704 
MA1705 
MA1706 
MA1707 
MA1708 


TPwWRAaTwal 


ooooo°co 


Input Impedance 
(Vcp = 6 Vde, I, = 1 mAde, f=1 kc) MA1702 thru MA1705 
MA1766 thru MA1708 


Output Admittance 
(Vop = 6 Vdc, I= 1 mAdc, f = 1 ke) 


Small Signal Current Gain . 

(Vop = 6 Vde, Ip = 1 mAdc, f = 1 ke) MA1702, MA1705, MA1708 
MA1703, MA1706 
MA1704, MA1707 


DC Current Gain 
(Ic = 20 mAdc, Vog = 1 Vdc) MA1702 
(Ic = 100 mAdc, Vop = 1 Vdc) MA1702, MA1705, MA1708 
MA1703, MA1706 
MA1704, MA1707 
CE™ 1 Vdc) MA1702 
MA1703 
MA1704 
MA1705 


(I, = 200 mAdc, V 


Collector-Emitter Saturation Voltage 
Qi, = 200 mAdc, I, = 4.0 mAdc) 
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MOTOROLA HIGH FREQUENCY TRANSISTORS 


e For devices meeting military specifications, see page 1-18. 


e For high-reliability devices produced under the Meg-A-Life Il program, see 
page 1-22. 


e For case outline dimensions, see page 1-26. 


Motorola High-Frequency Transistors 


MOTOROLA HIGH FREQUENCY 
SWITCHING AND AMPLIFIER TRANSISTORS 


This line of transistors includes germanium and silicon devices designed for 
switching and amplifier applications at frequencies ranging from a few mega- 
cycles to over a gigacycle, 


NUMERICAL-ALPHABETICAL LISTING OF DEVICES COVERED IN THIS SECTION 


2N697 2N956 2N1561 
2N700 2N960 2N1562 
2N700A 2N961 2N1613 
2N705 2N962 2N1692 
2N706 2N963 2N1693 
2N706A 2N964 2N1711 
2N706B 2N964A 2N1991 
2N707 2N965 2N2096 
2N7T07A 2N966 2N2097 
2N708 2N967 2N2099 
2N710 2N968 2N2100 
2N711 2N969 2N2192 
2N711A 2N970 2N2192A 
2N711B 2N971 2N2192B 
2N718 2N972 2N2193 
2N718A 2N973 2N2193A 
2N722 2N974 2N2193B 
2N741 2N975 2N2194 
2N741A 2N985 2N2194A 
2N744 2N995 2N2194B 
2N753 2N1131 2N2195 
2N827 2N1132 2N2195A 
2N828 2N1132A 2N2195B 
2N828A 2N1132B 2N2217 
2N829 2N1141 2N2218 
2N834 2N1142 2N2218A 
2N835 2N1143 2N2219 
2N838 2N1195 2N2219A 
2N869 2N1204 2N2220 
2N914 2N1204A 2N2221 
2N915 2N1420 2N2221A 
2N916 2N1494 2N2222 
2N918 2N1494A 2N2222A 
2N929 2N1495 

2N930 2N1496 


Motorola High-Frequency Transistors 


NUMERICAL-ALPHABETICAL LISTING (continued) 


2N2256 
2N2257 
2N2258 
2N2259 
2N2303 


2N2330 
2N2331 
-2N2369 
2N2381 — 
2N2382 


2N2481 
2N2501 
2N2537 
2N2538 
2N2539 


2N2540 
2N2630 
2N2635 
2N2800 
2N2801 


2N2832 
2N2834 
2N2837 
2N2838 
2N2904 


2N2904A 


2N2905 
2N2905A 
2N2906 
2N2906A 


2N2907 
2N2907A 
2N2929 
2N2947 
2N2948 


2N2949 
2N2950 
2N2951 
2N2952 
2N2955 


2N2956 
2N2957 
2N2958 
2N2959 
2N3115 


2N3116 
2N3133 
2N3134 
2N3135 
2N3136 


2N3137 
2N3227 
2N3244 


2N3245 
2N3248 
2N3249 
2N3250 
2N3250A 


2N3251 
2N3251A 
2N3252 
2N3253 
2N3279 


2N3280 
2N3281 
2N3282 
2N3283 
2N3284 


2N3285 
2N3286 
2N3287 
2N3288 
2N3289 


2N3290 
2N3291 
2N3292 
2N3293 
2N3294 


2N3295 
2N3296 
2N3297 
2N3298 
2N3307 


2N3308 
2N3309 
2N3309A 
2N3323 
2N3324 


2N3325 
2N3375 
2N3444 
2N3467 
2N3468 


2N3485 
2N3485A 
2N3486 
2N3486A 
2N3493 


2N3494 
2N3495 
2N3496 
2N3497 
2N3498 


2N3499 
2N3500 
2N3501 


2N3506 
2N3507 
2N3508 
2N3509 
2N3510 


2N3511 
2N3544 
2N3546 
2N3553 
2N3632 


2N3634 
2N3635 
2N3636 
2N3637 
2N3647 


2N3648 
2N3664 
2N3717 
2N3718 
2N3719 


2N3720 
2N3742 
2N3743 
2N3783 
2N3784 


2N3785 
2N3798 
2N3799 
2N3818 
MCS2135 


MCS2136 
MCS2137 
MCS2138 
MF812 
MF832 


MM1803 
MM1941 
MM1943 
MM2503 
MM2550 


MM2552 
MM2554 
MM2894 
MPS706 
MPS834 


MPS918 

MPS2894 
MPS2923 
MPS2924 
MPS2925 


MPS3563 
MPS3639 
MPS3640 


Motorola High-Frequency Transistors 


PREFERRED SILICON TRANSISTORS 


Year after year the industry introduces a host of new transistor type num- 
bers to join the growing list of devices already available. Some of the new 
type numbers represent true state-of-the-art advances in transistor technolo- 
gy, while others are merely improvements of older types already in general 
use. 


Motorola manufactures one of the most extensive lines of high -frequency 
transistors and will continue to produce many of the older device type num- 
bers — though some of these are recommended for direct replacement only. 
For new equipment designs, the engineer should consider primarily the more 
advanced transistors which offer performance and price advantages, and as- 
sure a continuing and reliable source of supply. 


NUMERICAL LISTING OF PREFERRED MOTOROLA 
HIGH. FREQUENCY. SILICON TRANSISTORS 


Type Number Type Number Type Number Type Number 


2N834 2N2537 2N3253 2N3511 
2N835 2N2538 2N3444 2N3544 
2N915 2N2539 2N3467 2N3546 
2N916 2N2540 2N3468 2N3634 
2N918 2N2800 2N3485, A 2N3635 


2N2192, A, B 2N2801 2N3486, A 2N3636 
2N2193, A, B 2N2837 2N3493 2N3637 
2N2194, A, B 2N2838 2N3494 2N3647 
2N2195, A, B 2N2904, A 2N3495 2N3648 
2N2217 2N2905, A 2N3496 2N3719 


2N2218, A 2N2906, A 2N3497 2N3720 
2N2219, A 2N2907, A 2N8498 2N3742 
2N2220 2N3227 2N3499 2N3743 
2N2221, A 2N3244 2N3500 
2N2222, A 2N3245 2N3501 


2N2330 2N3248 2N3506 MM1755 


2N2331 2N3249 2N3507 MM1756 
2N2369 2N3250, A 2N3508 MM1757 
2N2481 2N3251, A 2N3509 MM1758 
2N2501 2N3252 2N3510 MM2894 


Motorola High-Frequency Transistors 


SILICON HIGH FREQUENCY TRANSISTORS 


EIA-MOTOROLA PREFERRED! TYPE 
CROSS REFERENCE GUIDE 


TA [Wore] GA [Novae] EA [Novae] GA [Nororole] GA _[ Morea 


2N497 
2N498 
2N656 
2N657 
2N696 


2N696A 
2N697 
2N697A 
2N698 
2N699 


2N699B 
2N702 
2N703 
2N706 
2N706A 


2N706B 
2N706C 
2N707 
2NT0TA 
2N708 


2N708A 
2N709 
2NT09A 
2N715 
2N716 


2N717 
2NT1ITA 
2N718 
2N7T18A 
2N719 


2NT19A 
2N720 
2N720A 
2N721 
2N722 


2N722A 
2N726 
2N727 
2N728 
2N729 


2N3498 
2N3498 
2N3498 
2N3498 
# 2N2217 


2N2217 
# 2N2218 
2N2218 
# 2N3498 
# 2N3498 


2N3498 
# 2N835 
# 2N835 
# 2N835 
# 2N835 


# 2N835 

# 2N835 
2N707 
2N7T07TA 

# 2N834 


# 2N834 
2N709 
2N709A 

# 2N2221 

# 2N2221 


#2N2221 
# 2N2221 
# 2N2221 
# 2N2221 
# 2N3498 


2N3498 
# 2N3498 
# 2N3498 
# 2N2837 
# 2N2837 


# 2N2837 
# 2N3250 
# 2N3250 
# 2N2539 
# 2N2539 


2N730 
2N731 
2N734 
2N735 
2N736 


2N736A 
2N742 
2N742A 
2N743 
2N744 


2N752 
2N1753 
2N754 
2N755 
2N780 


2N783 
2N784 
2N784A 
2N834 
2N835 


2N839 
2N840 
2N841 
2N842 
2N843 


2N849 
2N850 
2N851 
2N852 
2N869 


2N869A 
2N909 
2N914 
2N915 
2N916 


2N919 
2N920 
2N921 
2N922 
2N929 


# 2N2220 
# 2N2221 
2N2221 
2N2221 
2N2222 


2N2222 

2N2220 

2N2220 
# 2N835 
#2N2501 


2N2221 
# 2N835 
2N2220 
2N2220 
2N2220 


2N834 
# 2N834 
# 2N834 
#2N2501 
# 2N2501 


2N2220 
# 2N2221 
2N2222 
2N2221 
2N2222 


2N835 
2N834 
2N835 
2N834 
#2N3250 


2N3250 
2N2222 
# 2N834 
2N915 
2N916 


2N834 
2N834 
2N834 
2N834 
2N929 


2N930 
2N834 
# 2N2222 
2N2501 
2N2837 


2N2221 
2N2221 
# 2N3250 
2N3250 


2N1060 | 2N2501 
2N1131 |#2N2800 
2N1131A}#2N2800 
2N1132 |#2N2800 
2N1132A]# 2N2800 


2N1132B| #2N2800 
2N1139 | 2N835 
2N1199 | 2N835 
2N1199A] 2N835 
2N1252 | 2N2537 


2N2537 
2N2537 
2N2537 


2N1564 
2N1565 


2N1644 
2N1700 
2N1701 
2N1702 


2N1703 
2N1704 
2N1711 


2N1837 
2N1837A 
2N1838 
2N1839 
2N 1840 


2N1889 
2N1890 
2N1893 


2N2218 
2N2218 
2N2219 
2N2219 


2N2218 
2N2218 
2N2217 
2N2217 
2N2217 


2N2217 
2N2218 
# 2N2219A 
2N2219A 
2N2219A 


2N2218 
2N2218 
2N2218 
2N2217 
2N2217 


# 2N3498 
# 2N3499 
# 2N3498 


2N1276 
2N1277 


2N1278 
2N1279 
2N1386 
2N1387 
2N1388 


2N1389 
2N1390 


2N2501 
2N2501 


2N2501 
2N2501 
2N2218 
2N2218 
2N2218 


2N2218 
2N2218 
2N2537 
2N2537 
2N2537 


2N2537 


2N1893A] 2N3498 
2N1958 |#2N2537 


2N1958A] 2N2537 
2N1959 |#2N2537 
2N1959A] 2N2537 


2N1962 
2N1963 


2N834 
2N834 


2N1964 
2N1965 
2N1972 
2N1973 
2N1974 


2N2539 
2N2539 
2N2219 
2N2219 
2N3498 


2N1975 
2N1983 


2N3498 
2N2218 


2N1420A] 2N2219 
2N1507 |#2N2219 
2N1528 | 2N2218 


2N1984 
2N1985 
2N1986 


2N2218 
2N2218 
2N2218 


2N1987 
2N 1988 
2N1989 
2N1991 
2N2008 


2N2049 
2N2 106 
2N2107 
2N2 108 
2N2 192 


2N2192A 
2N2192B 
2N2193 

2N2193A 
2N2193B 


2N2 194 
2N2194A 
2N2194B 
2N2 195 
2N2195A 


2N2195B 
2N2205 
2N2206 
2N22 16 
2N2217 


2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 


2N2221 
2N2221A 
2N2222 
2N2222A 
2N2224 


2N2242 
2N2243 
2N2244 
2N2245 
2N2246 


2N2217 


2N3500 


2N2219A 
2N2218 
2N2218 
2N2219 
#2N3253 


#2N3253 


2N3498 
2N2217 


2N2219 
2N835 
2N835 
2N835 


+ Motorola type indicated generally offers improved performance when used in place of the EIA type listed. 
# EIA type available in addition to Motorola preferred type. 
* Also available in TO-46 package. 


CROSS REFERENCE GUIDE (continued) 


Motorola High-Frequency Transistors 


Tea [Metra] GA [Motorola] EA [Mora] EA [Moora] EA _[Worrla 


2N2247 
2N2248 
2N2249 
2N2250 
2N2251 


2N2252 
2N2253 
2N2254 
2N2255 
2N2256 


2N2257 
2N2270 
2N2297 
2N2303 
2N2318 


2N2319 
2N2320 
2N2330 
2N2331 
2N2350 


2N2350A 


2N2368 
2N2369 


2N2369A 


2N2405 


2N2410 
2N2411 
2N2412 
2N2476 
2N2477 


2N2478 
2N2479 
2N2481 
2N2483 
2N2484 


2N2501 
2N2511 
2N2537 
2N2538 
2N2539 
2N2540 
2N2605 


2N834 
2N834 
2N834 
2N835 
2N835 


2N834 
2N834 
2N834 
2N834 
2N2256 


2N2257 
# 2N2219 
# 2N3252 
# 2N2801 

2N834 


2N834 
2N834 
2N2330 
2N2331 


MM1756 
MM1756 


# 2N3227 
#2N3227 
# 2N3227 


2N2218 | 
2N2218 
2N2481 
MM2483 
MM2484 


2N2501 
2N3444 
2N2537 
2N2538 
2N2539 
2N2540 
# 2N3798 


2N2545 
2N2651 
2N2696 


2N2709 
2N2711 
2N2712 
2N2713 
2N2714 


2N2715 
2N2716 
2N2787 
2N2788 
2N2789 


2N2790 
2N2791 
2N2792 
2N2800 
2N2801 


2N2837 
2N2838 
2N2845 
2N2846 
2N2847 


2N2848 
2N2868 
2N2883 
2N2884 
2N2890 


2N2891 
2N2894 
2N2904 
2N2904A 
2N2905 


2N2905A 
2N2906 
2N2906A 
2N2907 
2N2907A 


2N2927 
2N2947 
2N2948 


2N2800 
2N834 
2N834 
2N834 


2N2800 
2N2801 


2N2837 
2N2838 


2N3252 
2N3309 
2N3309 
2N3507 


2N3507 


2N2800 
2N2947 
2N2948 


2N2949 
2N2950 


2N2951 
2N2952 
2N2958 
2N2959 
2N3009 


2N3010 
2N3011 
2N3012 
2N3013 
2N3014 


2N3015 
2N3019 
2N3020 
2N3021 
2N3022 


2N3023 
2N3024 
2N3025 
2N3026 
2N3053 


2N3110 
2N3114 
2N3115 
2N3116 
2N3120 


2N3121 
2N3133 
2N3134 
2N3135 
2N3136 


2N3209 
2N3224 
2N3225 
2N3227 
2N3244 


2N3245 
2N3248 
2N3249 
2N3250 
2N3251 


2N2949 
2N2950 


2N2951 


2N3022 


2N3023 
2N3024 
2N3025 


2N3026 


2N3244 


2N3245 
2N3248 
2N3249 
2N3250 
2N3251 


2N3252 
2N3253 
2N3287 
2N3288 
2N3289 


2N3290 
2N3291 
2N3292 
2N3293 
2N3294 


2N3295 
2N3296 
2N3297 
2N3298 
2N3299 


2N3300 
2N3301 
2N3302 
2N3304 
2N3307 


2N3308 
2N3309 
2N3326 
2N3337 
2N3338 


2N3339 
2N3467 
2N3468 
2N3485 
2N3486 


2N3493 
2N3494 
2N3495 
2N3496 
2N3497 


2N3498 
2N3499 
2N3500 
2N3501 
2N3502 


2N3252 
2N3253 
2N3287 
2N3288 
2N3289 


2N3290 
2N3291 
2N32 92 
2N3293 
2N3294 


2N3295 
2N3296 
2N3297 
2N3298 
#2N2218A 


# 2N2219A 
# 2N2221A 
# 2N2222A 


2N3546 
2N3307 


2N3308 
2N3309 
2N2218A 
2N3287 
2N3289 


2N3288 
2N3467 
2N3468 
2N3485 
2N3486 


2N3493 
2N3494 
2N3495 
2N3496 
2N3497 


2N3498 
2N3499 
2N3500 
2N3501 


# 2N2905 


2N3503 
2N3504 
2N3505 
2N3506 
2N3507 


2N3508 
2N3509 
2N3510 
2N3511 
2N35 12 


2N3544 
2N3546 
2N3634 
2N3635 
2N3636 


2N3637 
2N3647 
2N3648 
2N3719 
2N3720 


2N3742 
2N3743 
2N3796 
2N3797 
2N3798 


2N3799 

MCS82135 
MCS2136 
MCS2137 
MCS2138 


MF3304 
MM1755 
MM1756 
MM1757 
MM1758 


MM2090 
MM2091 
MM2092 
MM2483 
MM2484 
MM2894 


2N3508 
2N3509 
2N3510 
2N3511 
2N2537 


2N3544 
2N3546 
2N3634 
2N3635 
2N3636 


2N3637 
2N3647 
2N3648 
2N3719 
2N3720 


2N3742 
2N3743 
2N3796 
2N3797 
2N3798 


2N3799 


MF3304 
MM1755 
MM1756 
MM1757 
MM1758 


MM2090 
MM2091 
MM2092 
MM2483 
MM2484 
MM2894 


+ Motorola type indicated generally offers improved performance when used in place of the EIA type listed. 
# EIA type available in addition to Motorola preferred type. 
* Also available in TO-46 package. 
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Motorola High-Frequency Transistors 


SILICON TRANSISTOR HIGH SPEED SWITCHING SELECTION GUIDE 


The following tables and graphs are intended fora rapid guide for selecting 
preferred silicon transistors for high-speed switching applications. The de- 
vices in this.category are optimized for low storage time. 


OPTIMUM COLLECTOR CURRENT RANGE 


10wA-1mA | 1mA-10mA 10 mA - 100 mA | 100 mA - 400 mA|400 mA - 800 mA] 800mA-3A 


2N3493 2N2369 | 2N3248 2N3510 
2N2481 | 2N3249 2N3511 

2N3647 

2N3648 


2N2537 2N2537 
2N2538 2N2538 
2N2539 2N2539 
2N2540 2N2540 

2N3252 


2N2904 | 2N3253 |2N3467 | 2N3253 | 2N3467 |2N3506 | 2N3719 
2N2905 | 2N3444 2N3444 | 2N3468 |2N3507 

2N2806 2N3506 | 2N3719 

2N2907 

2N3485 

2N3486 
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Motorola High-Frequency Transistors 


HIGH-SPEED SILICON TRANSISTORS, FOR 
LOW CURRENT SATURATED SWITCHING 


SWITC HING TIME 


Vo E(sat) 


cuRVE vn oe 
= t ort,+t ort +t 
CURVE Number BF = 10 on’ i r torer OF t+ be 
ae mai oees (VOLTS) (nsec) 


2N3493 40/120 @1,=0.5 mA 0. ugk =0,1 mA 
p70: 01 mA 


2N708 20/- 6 

2N708 30/120 4 -- 

2N744 40/120@ 1 « 35 (+170°C 16 @ 1,210 mA 24 @1.¢10 mA 

2N753 40/120° 1c°10 mA .6 40 a eng 

2N 834 25/- Vogel V 25 @1,=10 mA 30 Yec 

2N 835 20/- ce aeons 

2N914 30/120 .25 8B 40 @1,=200 mA | 40@1,=200 mA 
Voc=5 V Voor 5 V 


2N2481 40/120 


2N2501 


50/150 


2N2369 40/120 0.25 

2N3227 100/300 © Ig = 10 mA 0. 25 ie = 10 mA 12@1,=10 mA 
2N3508 40/120 Vup=1V 0.25 er 

2N3509 100/300 0.25 


30/120 @ In =10mA 0.15 © In =10mA 25 @1,=50 mA 35@ 1,=50 mA 

Vv E71V I, =1mA Veco™3 V Vocr3 V 
2N3248 50/150 @1,=10 mA 0.125 @1,=10mA | 20@1,=100mA | 80@1,=100 mA 
2N3249 100/300 Vor =1V 0. 125 ly =1mA 20 Voc=10Vv 80 Volo Vv 


HIGH SPEED SILICON TRANSISTOR CHARACTERISTIC CURVES 


“| | | ° variation oF | | 
(Eee ae Vor (eat) V8 Ie (B, = 10) ra 


(All curves are spies 
except curve 42 which 
is a maximum curve) 


TYPICAL VARIATIONS OF 
her vs Io Vor =1V) 


0.1 1 10 100 100 
I, COLLECTOR CURRENT (mAdc) I 


100 SS SE NS EEN SE on oe 


her CURRENT GAIN (NORMALIZED) 
, 
VOLTAGE (Vdc) 


Vor (sat), COLLECTOR SATURATION 


0 — TYPICAL VARIATIONS OF EF ¥ce= 3 
oY comm St RISE TIME (t_) AND = Seen COD ts 
el SA yaeer 3 ES = 
” FALL TIME (t,) vs I, —_— Ts TYPICAL VARIATIONS OF SL 
4 = 10 V, By = 10) ss =a STORAGE TIME (t,) vs I, + — 
® a ie 
2 3 =10V, ne = 10 
=. 20 & 2p 
2] 
Fie ) 
:) Sa fe) — 
s}—— e 5 ——4 See 
— 2 ay ae St a ee Sots 
: ies 2 Hoth 
| ser Tr 
at 21 
100 100 
Io, COLLECTOR CURRENT (mAdc) Ip, COLLECTOR CURRENT (mAdc) 


8-9 


Motorola High-Frequency Transistors 


HIGH CURRENT CORE DRIVERS AND PULSE AMPLIFIERS 


LIMIT SPECIFICATIONS (at 25°C) (for typical variations, see accompanying g 
| SWITCHING TIME si TIME 


Deg VcK(sat) 
min/max F = 
Saree bi (VOLTS) ton? OF fy + f torr OF t, + ae ee 
as tase) 


raphs) 


REFERENCE 
. CURVE 


2N3510 25/150 20 a 25 = 
2N3647 25/150 = =1V 
2N3648 30/120 CE 


2N2537 
2N2538 
2N 2539 
2N 2540 


50/150 ; 
100/300 @ Ig = 150 mA 
50/150 y= 40 
100/300 ‘CE 


40 rie 150 mA 


40 : 
4o Yeo?! V 
40 Ri = 40 ohms 


< 


2N3252 30/90 @1,,= 500 mA 45 ec = 500 mA 70 #1, = 500 mA 
2N3253 25/75 : 
2N3444 20/60 Ycr=!V = 30V 30 V 
2N3506 40/200 @I, = 1.5A 45@1,=1.5A 90 @I,=1.5A 
2N3507 30/150 Vop=2V 45 Veo = 30V 90 Voo=30V 

40/120 

40/120 

100/300 

100/300 


40/120 @IQ= 150 mA 
40/12 


100/800 Vor= 10 V 


2N3486A 100/300 4 
2N3467 40/120 @I,= 500 mA 0.5 @I, = 500 mA 40 ak = 500 mA 90 @I,= 500 mA 
2N3468 25/75 Vop tly 0.6 I, = 50 mA =30V 90 Veo =30V 
2N3719 25/180 @1, =1A 0.75@I, =1A ie =1A 225 @I,=1A 

2N3720 25/180 Ve 5 TL5SV 0.75 ae 100 mA crv 225 Vog=12V 


HIGH CURRENT SILICON TRANSISTOR CHARACTERISTIC CURVES 


a 2 z 1.0 

fa fo} a TYPICAL VARIATIONS OF a al 

: “hep ¥8 lq Veg = 10" OF : - Vor (sat) vs I c (Ap = 10) Tali] | 221] 

ae : ae a 

z ; 2s SE ! | 
ee Ht ANN! oe 

-_ Att ie Foo sf TM TIM TV FA} ish 

: SATE Sa fF UUM LT Wi i f 

A ea 8 2 Se Rea 

Be ee CHUM q a tee Zon DA 

gor = — ov iced 

sf LUNI TAT TTT Atl E sett 

: 100 1000 5000 100 1000 5000 
Io Soe CURRENT (mAdc) Io. eoreeack CURRENT (mAdc) 


100F TYPICAL VARIATIONS OF} TT 
TOFSTORAGE TIME (t.) vs I.ftt—}—P estat 


500 ANA TT Y¥BicAL VARIATIONS OF 


NIT IN| TL oRIsE TIME (t.) AND | 


300 
‘ oe FALL TIME i) v8 Ip : 50 Vog = 10V, Bp = 10,141 iimeteeest 
g @ Voc = 10 V, &, = 10 - 56 A ant Nis? [22 
=e NINN al 7G > sete ae Ts TTT 
eee Sri sin HE Leer Leh rll 
fy 30 il » ‘or 
B & oot NNN 2 Seer ceeesr eaergi mee 
ote N | a s|— =" eer 1 a cH 
a iii 2 ieee hit crt 
ze —S=21 == ee | eT) anit oti 
sr EH HEE | Coot Ft A 
1 100 1000 500U 100 1000 5000 
Ip, CoubeCrGe CURRENT (mAdc) i eoueeion CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SELECTION GUIDE 


These tables and graphs are intended as a rapid guide for selection of ger- 
manium transistors for high-speed switching applications. 


OPTIMUM COLLECTOR CURRENT RANGE 


2N 705 
2N 710 
2N711 
2N 827 
2N 968 
2N 969 
2N 970 
2N 971 
2N 972 
2N 973 
2N 974 
2N 975 
2N 2258 
MM2259 


2N1204 
2N1204A 
2N1494 
2N1494A 
2N2096 
2N2099 
2N2381 


2N2097 
2N2100 
2N2382 


2N1495 
2N1496 


2N2956 
2N2957 

2N838 
2N2955 


Motorola High-Frequency Transistors 


GERMANIUM HIGH SPEED SWITCHING TRANSISTOR 
SPECIFICATIONS 


bee @1, Ven(s AT) Switching Times (max) 


min/maz__ [mer Vots io & Ip 


25/150 
30/150 


25/- 


2N828A | 25/- 
2N829 50/- 
2N838 30/- 


20/- I, =10mA 
20/- 


20/- 
20/- 


40/- 
40/- 
40/- 


40/- 
40/- 


I, = 25 mA 
1, = 40 mA 


*TYP **CURRENT MODE 
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GERMANIUM HIGH SPEED SWITCHING TRANSISTORS (continued) 


. Maximum Switching Time 
hre @ Ic 


p VcE(sat) fr 
Curve | Number min/max Max Volts @ Ic & Is) Me ton = ta-+trnsec | torr —ts + te nsec 


2N2635 45/300 : 150 


2N2955 20/60 
2N2956 40/120 


2N2957 


2N1494A 
2N1495 200 mA 


2N1496 
2N2096 
2N2097 400 mA }0. - 200 mA 


2N2099 i; 10 mA 
2N2100 


2N2381 200 ma | 200 mA 200 mA I. = 200 mA 


2N2382 - . 20 mA 40 mA =.-40 mA 


= 40 mA 


hee versus Ic. 


Oo 
e 1/-— pe a 
& mae arr 2) 
f wi tit th oy 
08 3 
Q 7.14/17 | z 
a Seni A ecm a 
: 1 ae : 
3 0.2 
fe 
fe) 
0.1.2 0.5 1 10 20 50 100 200° 5001000 se 2 4 6 810 20 40 60100 200 400600 
Io COLLECTOR CURRENT (mAdc) I, (mA) 


tort Versus Ic 


t off (nsec) 


was = ae 4 6 810 20 40 6080100 200 300 


SILICON MEDIUM SPEED, SWITCHING TRANSISTOR SELECTION GUIDE 


These tables and graphs are intended to permit rapid comparison and sel- 
ection of silicon transistors for medium -speed, general-purpose switching 


applications. 


5-19 V 


MM2894 
MPS2894 
MPS3639 
MPS3640 


20-29 V 
30-39 V 


40-59 V 


60-79 V 


80-119 V 


120-300 V 


2N2800 2N2217 


2N2801 2N2218 
2N2837 2N2219 
2N2838 2N2220 
2N2221 
2N2222 


2N915 
MCS2135 
MCS2136 


MCS2137 
MCS2138 


2N2904A 
2N23905A 
2N2906A 
2N2907A- 
2N3485A 
2N3486A © 


Optimum Collector Current Range 


MM2894 
MPS2894 
MPS3639 
MPS3640 


2N2800 2N2217 


2N2801 2N2218 
2N2837 2N2219 
2N2838 2N2220 
2N3133 2N2221 
2N3134 2N2222 


2N3135 
2N3136 


~ 2N2904 
2N2905 
2N2906 
2N2907 
2N3250 
2N3251 
2N3485 
2N3486 


2N2218A 
2N2219A 
2N2221A 
2N2222A 


2N2904A 
2N2905A 
2N2906A 
2N2907A 
2N3250A 
2N3251A 
2N3485A 
2N3486A 


2N3495 
2N3497 
2N3634 
2N3635 
2N3636 
2N3637 


8-14 


2N722 
2N1131 
2N 1132 
2N2303 
2N2800 
2N2801 
2N2837 
2N2838 
2N3133 
2N3134 
2N3135 
2N3136 


2N1132A 
2N1132B 
2N2904 
2N2905 
2N2906 
2N2907 
2N3244 
2N3245 
2N3485 
2N3486 


2N2904A 
2N2905A 
2N2906A 
2N2907A 
2N3485A 
2N3486A 


100 A-10 mA 10 mA-100 mA 100 mA-400 mA 400 mA-800 mA 


2N697 


2N718 
2N 1420 
2N2195 
2N2195A 
2N2195B 
2N2958 
2N2959 
2N3115 
2N3116 


2N718A 
2N956 

2N1613 
2N1711 
2N2217 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 


2N2192 
2N2192A 
2N2192B 
2N2193 

2N2193A 
2N2193B 
2N2194 

2N2194A 
2N2194B 
2N2218A 
2N2219A 
2N2221A 
2N2222A 


2N3494 2N3498 2N3498 : 
2N3496 2N3499 2N3499 


Motorola High-Frequency Transistors 


SILICON TRANSISTOR MEDIUM SPEED SWITCHING 
SELECTION GUIDE 


Devices in this category are preferred for applications requiring high DC 
current gain and low leakage currents. 


NPN MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 


Limit Specifications (at 25°C) 


2N697 
2N718 
2N718A 
2N956 
2N1420 
2N1613 
2N1711 
2N2217 
2N2218 
2N2218A 
2N2219 
2N2219A 
2N2220 
2N2221 
2N2221A 
2N2222 
2N2222A 
2N2958 
2N2959 
2N3115 
2N3116 


2N2192 
2N2192A 
2N2192B 
2N2193 
2N2193A 
2N2193B 
2N2194 
2N2194A 
2N2194B 
2N2195 
2N2195A 
2N2195B 


40/120 
40/120 
40/120 
100/300 
100/300 
40/120 
100/300 
20/60 
40/120 
40/120 


100/300 150 mA 


100/300 
20/60 
40/120 
40/120 

100/300 

100/300 
40/120 

100/300 
40/120 

100/300 


100/300 
100/300 
100/300 
40/120 
40/120 
40/120 
20/60 
20/60 
20/60 
20/ - 
20/ - 
20/ - 


150 mA 


2N3498 40/120 
2N3499 100/300 
2N3500 40/120 150 mA 
2N3501 100/300 


or 


goooojooooooooooe°o°o — el ll el 
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(For typical variations, see accompanying graphs) 


i | 
ence Vor et) 
Curves 
see page Type 
8-17 Numbers Ee a TT 


50/200 10 mA -0 10mA 
50/200 10 mA -5 10mA 


Caen © or on on on O on On 


5 
5 
5 
5 
5 
5 
5 
4 
. 4 
3 
4 
3 
4 
4 
3 
4 
3 
5 
5 
5 
a) 
.3 
.2 
om | 
3 
.2 
1 
.3 
.2 
1 
3 
.2 
a | 
6 
6 
4 
4 


Motorola High-Frequency Transistors 


PNP MEDIUM SPEED SWITCHING TRANSISTOR SPECIFICATIONS 


Limit Specifications (at 25°C) (For typical variations, see accompanying graphs) 


2N869 
2N995 
2N3250 

2N3250A 
2N3251 

2N3251A 
2N3494 
2N3495 
2N3496 
2N3497 
2N3634 
2N3635 


2N1132A 
2N1132B 
2N1991 
2N 2303 
2N 2800 
2N 2801 
2N2837 
2N 2838 
2N 2904 
2N 2904A 
2N2905 
2N2905A 
2N 2906 
2N 2906A 
2N 2907 
2N2907A 
2N3133 
2N3134 
2N3135 
2N3136 
2N 3485 
2N3485A 
2N 3486 
2N3486A 


75/200 
30/90 

75/225 
30/90 


40/120 
100/300 
100/300 
40/120 
40/120 
100/300 
100/300 
40/120 
100/300 
40/120 
100/300 
40/120 
40/120 
100/300 
100/300 


38 50/150 500 mA 500 mA 175 100 
38 30/90 500 mA 0.6 500 mA 150 100 


15/60 150 mA 


VcK(sat) 


~-_ 


10 


— 
So 


0. 
0. 
0. 
0. 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0. 
0. 
1. 
1. 
1. 
i. 
1. 
1, 
1. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


2 
2 
1 
2 
0 
2 
2 
2 
2 
2 
3 
3 
3 
3 
5 
5 
5 
5 
5 
5 
5 
5 
3) 
) 
5 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
6 
6 
6 
6 
4 
4 
4 
4 
5 
6 


8-16 


Motorola High-Frequency Transistors 


SILICON MEDIUM SPEED TRANSISTORS 
CHARACTERISTIC CURVES 


NPN Vce({sat) versus Ic 


a a 
iz ae) 


Vce(sat) versus Ic 


a a | 
a eis, 


SC) lll 
~ LEM Te Tg Es 
CS 0.8 3 O06 
5 ost PA sa = ot LU OTT 
g ot EAT sol PVA rT TTI TT sh TV 
2 ot UU PY ZA oe ook TAT ATT 
ge 772A a ZA A 
em oo | et 
20 50 100 200 500 1000 aoa 5 10 20 #50 100 200 500 1000 
I. SLUecTOR CURRENT (mA) I, COLLECTOR CURRENT (mA) 
je _fr versus Ic se versus Ic 
— eat as eee ees LE LU 
3 2 | ATE TIN 
a6 8 | ALT Nl 
o 200 nn ~ 
Ee ae fs M1 let KT NNT 
ee PSE CATE LLM NA 
a : J N \ \ 
iB 1 28 he oA 
< & ~ZZ7 He 
fas TT ETT 
Ae MD 0 
5 10 50 100 500 1000 1 2 5 10 20 50 100 200 500 1000 
Iq, COLLECTOR CURRENT (mAdc) I, COLLECTOR CURRENT (mAdc) 
hre versus Ic hre versus Ic 
2 


ied oo oe a Se 
ea ss SSE SOE 
Trt 


sali PSSCCHHSSSCT 
NI RCN 


FE CURRENT GAIN (NORMALIZED) 
[—) 
J 


hpp CURRENT GAIN (NORMALIZED) 


0.3 
= 0.2 0.2 
“1 2 5 10 20 50 100 200 500 1000 1 2 10 20 50 100 200 500 1000 
Ig, COLLECTOR CURRENT (mAdc) le COLLEGTOR CURRENT (mAdc) 
Cob and Civ versus Ic Cob and Cin versus Ic 


ee ee 
EES Leman} a eee 
SS a Ee 


cit = 


— Sen ee. —T.__4_-4-1-t-t-7 

a ee ee 

peed cal — hf anne} ——} hf tnt 
e : 


= ee} —}— Cc yo4 
=o SSS eet ty 
| Hi oe UT 
es 111) 


100 
v COI ZEROR: ee ae Pr Vv 


CAPACITANCE (pf) 
CAPACITANCE (pf) 


CB, COLLECTOR-BASE VOLTAGE (Vdc) 
3 
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Motorola High-Frequency Transistors 


RF TRANSISTOR SELECTOR GUIDE 


These tables and graphs are intended to permit rapid comparison and se- 
lection of transistors for transmitter and receiver designs. The devices in- 
cluded are suitable for application as RF and IF amplifiers, oscillators, mixers, 
multipliers, power oscillators, drivers, output and harmonic generator stages. 


Frequency 
Range 


SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE 


High-Level 


RF and IF 
Low-Level Oscillators 
Polarity Amplifiers, Oscillators 100 mW Low-Level 
and Mixers and Wide-Band 


Material Converters P o< 100 mW < Po < 2W Amplifiers 


2N700 2N700 2N1141 2N 700 

2N700A 2N 700A. 2N 1142 2N 700A 
2N1141 2N1141 2N1143 2N1141 

2N1142 2N1142 2N1195 2N1142 
2N1143 2N 1143 2N1561 2N1143 
2N1195 2N 1195 2N 1562 2N1195 
2N2929 2N2929 2N 1692 2N2929 
2N3279 2N3279 2N 1693 2N3279 
2N3280 2N3280 2N2929 2N3280 
2N3281 2N3281 2N3281 

2N3282 2N3282 2N3282 
2N3283 2N3285 2N3283 
2N3284 2N3323 2N3284 
2N3285 2N3324 2N3285 
2N3286 2N3325 2N3286 
2N3323 2N3323 
2N3324 2N3324 
2N3325 2N3325 


2N918 2N918 2N2949 2Ni918 

2N3287 2N3287 2N2951 2N3287 
2N3288 2N3288 2N2952 2N3288 
2N3289 2N3289 2N3309 2N3289 
2N3290. 2N3290 2N3290 
2N3291 2N3293 2N3291 
2N3292 2N3298 2N3292 
2N3293 2N3293 
2N3294 2N3294 


2N3250 2N3250 2N3307 
2N3251 2N3251 2N3308 
2N3307 2N3307 
2N3308 2N3308 
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Motorola High-Frequency Transistors 


SMALL SIGNAL RF APPLICATIONS SELECTOR GUIDE (continued) 


High-Level 
RF and IF 
F cae Low-Level Oscillators 
z Polarity Amplifiers, Oscillators 100 mW Low-Level 
requency and Mixers and Wide- Band 


P, < 100 mW <P< 2W 


Range Material Converters Amplifiers 


2N1141 2N 700 2N1141 2N1141 


2N1142 2N 700A 2N1142 2N1142 
2N1143 2N1141 2N1143 2N1143 
2N1195 2N1142 2N1195 2N1195 
2N2929 2N1143 2N1561 2N2929 
2N3279 2N1195 2N1562 2N3279 
2N3280 2N2929 2N 1692 2N3280 
2N3281 2N3279 2N 1693 2N3281 
2N3282 2N3280 2N2929 2N3282 
2N3283 2N3281 2N3783 
2N3284 2N3282 2N3784 
2N3285 2N3285 2N3785 
2N3286 2N3323 MM2503 
2N3323 2N3783 

2N3783 2N3784 

2N3784 2N3785 

2N3785 MM2503 


MM2503 


2N918 2N918 2N2949 2N 918 


2N3287 2N3287 2N2951 2N3287 
2N3288 2N3288 2N3137 2N3288 
2N3289 2N3289 2N3309 2N3289 
2N3290 2N3290 2N3290 
2N3291 2N3293 

2N3292 2N3298 

2N3293 

2N3294 


2N3307 2N3307 2N3307 
2N3308 2N3308 2N3308 


2N918 2N918 2N 918 
2N3287 2N3287 
2N3288 2N3288 
2N3289 2N3289 
2N3290 2N3290 
2N3291 2N3293 
2N3292 2N3544 
2N3293 
400 Mc 2N3294 
to 2N3544 


1 Ge 
2N3307 2N3307 2N3307 
2N3308 2N3308 2N3308 


2N3783 2N3783 2N3783 
2N3784 2N3784 2N3784 
2N3785 2N3785 2N3785 
MM2503 MM2503 MM2503 


2N3309 
2N3664 


2N3783 2N3783 2N3783 
2N3784 2N3784 2N3784 
2N3785 2N3785 2N3785 

MM2503 


Moforola High-Frequency Transistors 


SMALL SIGNAL RF DEVICE CHARACTERISTICS 


ABSOLUTE MAXIMUM ELECTRICAL CIRCUIT PERFORMANCE 
RATINGS CHARACTERISTICS 
Type 


Ph Cob f, Amplifier Oscillator 
Ambient|“cp | Yep | Ty beg max | typ | SetwPNF @ f P, min @f 
mW _ |volts| volts | °C | min/max | __ af Mc_| db | db | Mc | mW |{ mc| 


GERMANIUM PNP TYPES 


2N1141 
2N1142 
2N1143 
2N1195 
2N2929 


2N3279 
2N3280 
2N3281 
2N3282 


100 
100 
100 


100 
100 
100 
100 


100 | 30/200 
100 | 30/200 
100 | 30/200 


2N3783 . 100 
2N3784 100 
2N3785 : 100 

: 100 


AA (Aaa Rela] 


SHO (Sor rrerssri-eres 
aanaalannoolrouacloonn 


2N3291 
2N3292 
2N3293 
2N3294 2. 


200 
oly 
257 


1.7 
se | 
1.5 
1.5 
1.5 
2.0 
2.0 
2.0 
0 
1.7 
7 


MPS918 200 20/ - 200 
MPS3563 200 20/200 1. 200 


SILICON PNP TYPES 


20/120 
35/140 
20/125 
10/175 


@ Available as MIL types 


©) he, 


@ Minimum value 


@ Maximum value 3 
| g 

SMALL SIGNAL DEVICE F 

TYPICAL PERFORMANCE 5 


NOISE FIGURE, db 


0 
20 50 100 200 500 1000 2000 
FREQUENCY, Mc 
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Motorola High-Frequency Transistors 


LARGE SIGNAL RF APPLICATIONS SELECTOR GUIDE 


Varactors 


Fre- 
quency iw< Py 50W < PE 
Range < 50W <100W 


1N4386 
1N4387 
1N4388 


Power Amplifier Transistors 


1bsWw< Po 
< 50W 


2N2949 
2N2950 2N2948 
2N3296 2N3297 
1 Mc 


2N2949 2N2947 
2N2950 2N2948 
2N3296 2N3297 
2N3309 


1N4387 
1N4388 


2N2949 2N2947 
2N2950 2N2948 
2N3296 2N3297 
2N3309 2N3375 
2N3309A 2N3632 
2N3553 2N3818 
2N3664 
2N3717 
2N3718 


600 Mc 
to : 
1000 Mc 
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Motorola High-Frequency Transistors 


LARGE SIGNAL RF DEVICE CHARACTERISTICS 


POWER AMPLIFIERS/OSCILLATORS 


ELECTRICAL 
CHARACTER- 
ABSOLUTE MAXIMUM RATINGS ISTICS CIRCUIT PERFORMANCE 


Pp 
c 
Case Vos Ves 
Type Watts Volts Volts 


PNP GERMANIUM 


2N1561 
2N1562 
2N 1692 
9N1693 


NPN SILICON 


2N 707 
2N 707A 
2N2947 
2N2948 
2N2949 


2N2950 
2N2951 
2N2952 


om esc 


2N3298 175 
2N3309 175 


2N3375 10 
2N3553 10 
2N3632 23 20 


1. 
3. 
2N3309A 5. 
1, 
7 


2N3717 
2N3718 
2N3818 
MF 812 
MF 832 
MM1803 
MM1941 
MM1943 


PNP SILICON 


2N2800 
2N2801 
2N2904 
2N2905 


LINEAR AMPLIFIERS (NPN SILICON) 


ABSOLUTE MAXIMUM ELECTRICAL 
RATINGS CHARACTERISTICS CIRCUIT PERFORMANCE 

P out Ge In 

dace Vos Ves hee ii Ar min min min 

Type watts volts | volts min pf Mc watts db db 
2N3295 60 175 8 400 
_ 2N3296 60 175 20 200 

2N3297 60 175 60 200 8 


MINIMUM VALUE 
% TYPICAL VALUE 
(44) PEP, TWO 

TONE SSB TEST 
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Motorola High-Frequency Transistors 
LARGE SIGNAL RF DEVICE CHARACTERISTICS (continued) 


SILICON VARACTOR DIODES 


MAXIMUM 
RATINGS ELECTRICAL CHARACTERISTICS @25°C 


1N4386 
1N4387 
1N4388 
MV1808 


Typical Value 


Cr (C= Cy +C,) 
f. = 50 Mc, n= 65 % min 


f, = 150 Mc, n= 50% min 


f. = 500 Mc, n= 55% min 


ORORCROROMS) 


5 & & 5B 


f, = 1000 Mc, n= 50% min 


LARGE SIGNAL DEVICE 
TYPICAL PERFORMANCE 


= 
| 1N4387 TRIPLER 
ee 
tin Sci ae DOUBLER 
oe | 
—— ——— 
Se MV 1808 — at 
=ae =}288575 Py, * 2 —DouBLER—S 
. 
a 


75 Pin = 2W— 
a eg OE 1 
| | | No [NN a 2N3717, 1) a 
= 0.8W 


moment | TPN | NF 


—— —— = = = oT eee 
2 eS SS 
° oT a cee 
0.3 ee 
0. 2 Sess PIN MM1803P,_ = 100 mw 
os 

0.1 

10 20. 30 50 [ nl 500. 700 1000 2000 3000 


SeneounNee (Mc) 
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Motorola High-Frequency Transistors 


SMALL SIGNAL AMPLIFIER AND OSCILLATOR TRANSISTORS 
—TO 10 MC 


CURRENT GAIN (hr) — VOLTAGE (Vcc) RELATIONSHIP 


Minimum DC Current Gain (hep) 


hee 535 Dee 5 20 i” DEE 5 30 MEE 5 40 MFES50 FE 5 200 


mum 


VcEOo 
(for Si) 


[PNPSi [PNPGe| NPNSi_[PNPGe| PNP sil PNPsi_| NPNSI_| PNPsi_] NPNSi [PNP Gel PNPSi 
a 


2N1991 | 2N969 
2N970 
ie 2N705 
|” | 
2N960 
2N1204 | 2N835 
2N1494 | 2N2195 
2N2195A 
2N2195B 
2N2217 
2N2220 
MPS834 


2N1132A/ 2N1495| 2N2194 | 2N1495 
2N1496] 2N2194A] 2N1496 
2N2955| 2N2194B| 2N2955 
2N2956] 2N3253 


2N964A 
2N972 


2N2959 
2N3116 
2N2801 
2N2838 


2N3227 
2N2382 
2N2957 
= 2N3499 


2N3509 
| 2N3250A/2N3798 |MCS2135 
fed 
aed 
| — | 


2N2958 
2N3115 
2N3508 


2N697 


2N2221 
2N3252 


2N2958 
2N3115 
2N3508 


2N2219 
2N2222 


iS) 
Zz 
_ 
-_ 
i) 
_ 


2N718A 
2N1613 


2N2904 
2N2806 
2N3485 


2N718A 
2N1613 
2N2218A 
2N2221A 
2N3506 


2N2905 
2N2907 
2N3251 
2N3486 


2N3245 


2N3507 


2N2904A 
2N2906A 
2N3485A 


2N3494 
a 86 
2N3495 
a 97 


2N3743,  — 


| ss fansags [ — | 2N3498 
2N3495 
2N3497 


- 


= 


2N1420 
aed 
a 
ESI 
ieee ae 
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Motorola High-Frequency Transistors 


NPN SILICON ANNULAR SMALL SIGNAL 


TRANSISTORS FOR FREQUENCIES TO 10 MC 


Py @ 
hee @ In and f 25 "Cc 
Ambient 
mW 
40/120 150 2.5 
20 10 2 
30/120 10 3 
40/120 150 2.5 
40/120 30 
40/120 2 
25 3.5 
20 3 
30/120 3 
15/200 = 
15/200 —_ 
100/300 
2N1420 100/300 
2N1613 40/120 
2N1711 100/300 
2N2192 100/300 
2N2192A 100/300 
2N2192B 100/300 
2N2193 40/120 
2N2193A 40/120 
2N2193B 40/120 
2N2194 20/60 
2N2194A 20/60 
2N2194B 20/60 
2N2195 20 
2N2195A 20 
2N2195B 20 20 
2N2217 20/60 8 
2N2218 40/120 8 
2N2218A 40/120 8 
2N2219 100/300 8 
2N2219A 100/300 8 
2N2220 20/60 8 
2N2221 40/120 8 
2N2221A 40/120 8 
2N2222 100/300 8 
2N2222A 100/300 8 
2N2369 40/120 4 
2N2958 8 
2N2959 8 
2N3115 8 
2N3116 8 
2N3227 4 
2N3252 12 
2N3253 25/75 500 12 
2N3444 20/60 12 
2N3493 40/120 0.5 0. 
2N3498 40/120 10 
2N3499 100/300 j6 10 
2N3500 40/120 8 
2N3501 100/300 8 
2N3506 40/1201500 40 
2N3507 30/150 40 
* 
VCER 


8-25 


Motorola High-Frequency Transistors 


NPN SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 


2N3508 
2N3509 
2N3510 
2N3511 
2N3647 
2N3648 
2N3742 


MCS2135 
-MCS2136 


MPS706 
MPS834 


MPS2923 
MPS2924 
MPS2925 


*V 


2N1132A 
2N1132B 


2N1991 
2N2800 
2N2801 
2N2837 
2N2838 


2N2904 
2N2904A 
2N2905 
2N2905A 
2N2906 


2N2906A 
2N2907 
2N2907A 
2N3133 
2N3134 


2N3135 
2N3136 
2N3244 
2N3245 
2N3248 


2N3249 
2N3250 
2N3250A 
2N3251 
2N3251A 


40/120 10 
100/300 _10 


100/300 0.1 
250/750 0.1 


20/ - 
a - 


ee 200 


15/60 
30/90 
75/225 150 mA 
30/90 
75/225 


40/120 
40/120 


' 100/300 150 mA 


100/300 
40/120 


40/120 
100/300 
100/300 150 mA 

40/120 
100/300 


40/120 150 mA 
100/300 150 mA 
50/150 500 mA 
30/90 500 mA 
50/150 10 mA 


100/300 

50/150 

50/150 10 mA 
100/300 
100/300 
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he, @ In and f 


PNP SILICON ANNULAR SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 


am aa 


Py & 
25°C 
Ambient 
mW 


Motorola High-Frequency Transistors 


PNP SILICON ANNULAR SMALL SIGNAL TRANSISTORS (continued) 


CEO ho. @1 h. @L, andf a Pees 
Type Volts FE’ °C fe *¢ pf | Ambient mw 
40 = — = 


2N3485 40/120 8 400 
2N3485A 60 40/120 a a 8 
2N3486 40 100/300 150 mA os aes 8 
2N3486A 100/300 —_ = 8 
2N3494 40 10 mA 7 


2N3495 40 40 
2N3496 40 10 mA 40 
2N3497 40 40 10 mA 
2N3634 50/150 40 
2N3635 100/300 80 


2N3636 50/150 50 mA 40 

2N3637 175 100/300 50 mA 80 10 mA 1 ke 
2N3743 300 25/250 30 mA 30 j { 
2N3798 60 150/450 0.5 mA 150 1 mA 1 ke 
2N3799 300/900 0.5 mA 300 


MCS2137 
MCS2138 


60 
60 100/300 100 1 0.5mA 
; 60 250/750 pA 1 


40/150 30 mA 100 Mc 


PNP GERMANIUM SMALL SIGNAL 
TRANSISTORS FOR FREQUENCIES TO 10 MC 


2N 964A 
2N 965 


2N1204 15 400 mA 
2N 1494 15 400 mA 
2N1495 25 

2N 1496 25 200 mA 
2N2381 


2N2382 40 200 mA 
2N2635 30 100 mA 
2N2955 20 

2N2956 30 10 mA 
2N2957 
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Motorola High-Frequency Transistors 


2n697 


Veer = 30-40 V 


2N718 f; = 300 Mc 
2N1420 
@ 
NPN silicon annular Star transistors for: medium- 
were current switching and amplifier applications 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 
2N697, 2N718 
2N1420 


Emitter-Base Voltage 


2N697 
2N1420 
TO-5 


Total Device Dissipation at 
25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation at 
25°C Ambient Temperatures 
Derating Factor Above 25°C 


Junction Temperature +175 


Storage Temperature range ~65 to + 300 


Characteristics 


Collector Cutoff Current 
(VcB = 30 Vdc, Ip = 0) 
(VcBp = 30 Vde, Ip = 0, Ta = 150°C) 


Collector-Base Breakdown Voltage 
(Ic = 100 pAdc, If = 0) 


Collector-Emitter Breakdcwn Voltage 
(Ic = 100 mAdc, pulsed; Rp = 10 Ohms) 
2B697, 2N718 
2N1420 


Collector-Emitter Saturation Voltage* VoR(sat) 
(Ic = 150 mAdc, Ip = 15 mAdc) . 


Base-Emitter Saturation Voltage* 
(Ic = 150 mAdc, Ip = 15 mAdc) 


VeR(sat) 
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2N697, 2N178, 2N1420 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic Symbol 


DC Forward Current Transfer Ratio* 
(Ic = 1 mAdc, VcF = 10 Vdc) 
2N697, 2N718 
2N1420 


(Ic = 150 mAdc, Vcr = 10 Vdc) 
2N697, 2N718 
2N1420 


(Ic = 500 mAdc, VoR = 10 Vdc) 
2N697. 2N718 
2N1420 


Small Signal Forward Current Transfer Ratio 
(Ic = 50 mAdc, Vcr = 10 Vdc, f = 20 mc ) 


Output Capacitance 
(Vcp = 10 Vdc, Ip = 0) 


2n/00,A 


Motorola High-Frequency Transistors 


Min Typ 


Vcso = 25 V 
G, = 20 db @ 70 Mc 
NF = 10 db @ 70 Mc 


PNP germanium mesa transistors for oscillator, 


CASE 21 


(TO-17) amplifier applications. 


MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base Voltage 

Collector-Emitter Voltage 
2N700 
2N700A 

Emitter-Base Voltage 


Collector DC Current 


Junction Temperature 


Storage Temperature 


Total Device Dissipation 
at 25°C Ambient 
(Derate 1 mw/°C above 25°C) 
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frequency multiplier, wide-band mixer and wide-band 


29 


20 


25 


0.2 


30 


100 


-65 to +100 


75 


Moforola High-Frequency Transistors 


2N700,A (continued) 
ELECTRICAL CHARACTERISTICS (Ta = 25°C Unless Otherwise Noted } 


Characteristic | Symbol | Test Conditions | mi Typ| Max | Unit 


Collector-Base 2 = 0 
BreakdownVoltage Iq = 100pAde, Ip = 0 


Collector- 

Breakdowi = 100 pAde, Ip =0 2N700 

Voltage 2N700A 
"Emitter-Base 

BreakdownVoltage ®VEBO| ! E = 100 pAdc, In = 0 All Types ca 


Collector Cutoff |IcRo vcs © = 6 Vdc, iE = 0 
Current = 


Small Signal 
Forward Current In; = 2 mAdc, Vop = 6 Vdc, f = 1 ke 
Transfer Rati 

ea Ip = 5 mAdc, Vog = 6 Vde, f = 1 ke 


saa fig p= PE Vep vant T_ fli ome 
Base Resistance |r, mh [te = 2 mAdc, Vop = 6 Vdc, f = 300 mcjAll Types }—]55 |100] Ohms 


Collector-Base 
case grounded 


Ip = 2 mAdc, Vop = 
(neutralized) 

Noise Figure 

Power Gain Ig = 2 mAdc, Voz 


(neutralized) 


POWER GAIN, CURRENT GAIN, CURRENT-GAIN-BANDWIDTH PRODUCT 
& NOISE FIGURE vs. FREQUENCY vs CURRENT AND VOLTAGE 


1000 
Te tesla 
POWER GAIN | ——— Lee THT noe 
ea ig NG | 
~ Al 


800 


600 


74s Sheena 
| Ver @ te = 2 made @ i, = 2 mAdc 
“Ht 
200 / 
. 2 5 10 20 50 100 200 500 1000 0 2 4 6 8 10 12 14 16 


f, FREQUENCY (mc) I,, EMITTER CURRENT (mAdc) 
Vea, COLLECTOR — BASE VOLTAGE (VOLTS) 


DECIBELS 


oe —6 > 
le — 2 mAdc 


fr, CURRENT GAIN — BANDWIDTH PRODUCT (mc) 
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Motorola High-Frequency Transistors 


| Vers = 15V 
2n/05 hot Med 


f, = 900 Mc Typ 


@ 


CASE 22 PNP germanium mesa transistor for high-speed 
(TO-18) switching applications. 


MAXIMUM RATINGS 


Characteristic Rating 


Collector-Base Voltage 15 


Collector-Emitter Voltage 15 


Emitter-Base Voltage 3.5 
Collector Current 50 
Emitter Current | 90 
Junction Temperature 100 
Storage Temperature T -65°C to +100°C 


Collector Dissipation @ 25°C Case Temp. 300 
(Derate 4 mW/°C above 25°C) 


Collector Dissipation in Free Air 150 


NORMALIZED D.C. CURRENT GAIN COLLECTOR SATURATION VOLTAGE 
versus COLLECTOR CURRENT versus AMBIENT TEMPERATURE 


ss ae 
ae eee 

75 —50 —25 0 425 +50 +475 +100 
T,, AMBIENT TEMPERATURE (°C) 


NORMALIZED D.C. CURRENT GAIN 


ay 
a 
a ee 
eae 


0.1 0.2 0.5 1.0 2.0 5 10 20 50 100 
Ic, COLLECTOR CURRENT (mAdc) 


Vec(sat), COLLECTOR SATURATION VOLTAGE (VOLTS) 
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Motorola High-Frequency Transistors 


2N705 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic Symbol 


Collector-Base Breakdown Voltage Vdc 
(In = 100 pAdc, In = 0) 
Collector-Emitter Breakdown Voltage Vdc 


= 100 Adc, V 


= 0) 


(lop BE 


Emitter-Base Breakdown Voltage 
(I, = 100 wAdc, In = 0) 


Collector Cutoff Current 
(Van = 5 Vdc, I. = 0) 


DC Forward Current Transfer Ratio 
(Vor = .3 Vde, In = 10 mAdc) 


Collector Saturation Voltage 
(I, = .4 mAdc, In = 10 mAdc) 
(Ip = 5 mAdc, In = 50 mAdc) 


Base-Emitter Voltage 
(I, = .4 mAdc, Tn 


Small Signal Forward Current Transfer Ratio 
(Vor = 1.0 Vdc, In = 10 mAdc, f = 100 mc) 


Collector Capacitance 


(Vop = 10 Vae, I, 


| Ele 
Q 
e 


nN - 
oi 


= 
bh 
ce 


Vdc 


= 10 mAdc) 


= 0, f = 1 mc) 


Input Capacitance 


(Vien = 2 Vdc) 
Common Base Alpha Cutoff Frequency 
(Voz = 5 Vdc, In = 10 mAdc) 
Delay + Rise Time 75 
(I, = 10 mAdc, I, = 1 mAdc) 
Storage Time 
(p1 = 1.0 mAdc, Ihe = . 25 mAdc) 
Fall Time t 


2. 
ror) 


Tp = 1.0 mAdc, Tyg = -25 mAdc) 


STORAGE TIME versus CIRCUIT CURRENT RATIO vena versus COLLECTOR CURRENT 


as 
\L 
; 
; 
He 


t,, STORAGE TIME (NANOSECONDS) 


N 
7 
an 
i 
rE 


fr, GAIN BANDWIDTH PRODUCT ( MEGACYCLES) 


Vey = 1 Vdc 
a= 25°C 
0 
0 10 20 30 40 50 
Ic/Jg,, CIRCUIT CURRENT RATIO Ie, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2n/06,A,B Veto = 15V 


2N753 hee = 20-40 
f; = 400 Mc 


1 


@ 


NPN silicon annular switching transistors for high- 


CASE 22 i peeerae ae be 
(TO-18) speed switching applications 


MAXIMUM RATINGS 


Characteristic 
Collector- Base Voltage 
Collector-Emitter Voltage 


Emitter-Base Voltage 


Junction Temperature 


Storage Temperature -65 to +175 


Total Device Dissipation 1.0 


at 25°C Case Temperature 
(Derate 6.67 mW/°C above 25°C) 


Total Device Dissipation 
at 25° C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


Total Device Dissipation 
at 100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 


*Refers to collector breakdown voltage in the high current region when Rne = 102) 


Type R Sampling Resistor a 
20°) 


Type R Sampting Resistor p= Vee = + 10Vec 
Vee = 3Vde 200 Vee =: 10Vdc 
Pulse Valts 27012 @ (adjust for 10mA) Pulse Volts 9800 (adjust for 10mA) 
y nee res Interna! Resistance 
+ 2 45V 00 +11V 
SS SCOPE 541 
a eo ov--|/--|- et OR EQUIVALENT 
—~2V —4vV 
—10V 
SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
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‘Motorola High-Frequency Transistors 


2N706,A,B, 2N753. (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic Type Symbol Min Typ Max Unit 


Collector Cutoff Current 
(Vcp = 15Vde. Ig = 0) 
(Vop = 15Vde, Ig = 0, Ta = 150 °C) 
(Vcp = 25Vdc, ig = 0) 


All Types 
All Types < 3 30 
2N7T06A, 2N706B, 

2N753 - - 10 


Collector-Emitter Cutoff Current 
(VCE = 20Vdc, Rpe = 100k) 


2N706A, 2N706B, 
2N753 


Emitter Cutoff Current 
(VEB = 3Vdc, Ic = 0) 
(VEB = 5Vdc, Ic = 0) 


2N706 
2N706A, 2N706B, - - 10 
2N753 


Collector~Emitter Breakdown Voltage * 


( Ic = 10mAdc,Ip = 9) All Types 


Collector-Emitter Breakdown Voltage* 


(R = 10 ohms, Ic = 10mAdc) All Types 


Forward-Current Transfer Ratio* 


(Ic = 10mAdc, VCE = 1Vdc) 2N706 
2NTO6A, 2N706B, 20 40 60 
2N753 40 - 120 
Base-Emitter Voltage* VE (sat)* Vde 
(Ig = 10mAdc, Ip = ImAdc) 2N706 - 0.75 0.9 
2N706A, 2N706B, 
2N753 0.7 0.75 0.9 
Collector Saturation Voltage* Vcr (sat)* Vdc 
(Ip = 10mAdc, Ip = 1mAdc) 2N706, 2N706A - 0.3 0.6 
2N706B - 0.3 0.4 
2N753 - 0.18 0.6 
(Ip = 50mAdc, Ip = S5mAdc) 2N753 0.3 


Collector Capacitance 
(VcB = 5Vdc, Ip = 0 2N706A, 2N706B, 
2N753 - 


2N706 


(VcB = 10Vdc, Ip = 0) 


Small-Signal Forward Current Transfer Ratio 
(VCE = 15Vdc, Ip = 10mAdc, 
f = 100mc) 


All types 


Current Gain- Bandwidth Product 
(VCE = 15Vdc, Ip = 10mAdc, 
f = 100mc) 


Base Resistance 
(VcgE = 15Vdc, Ig = 10mAdc, 
{ = 300mc) 


Charge Storage Time Constant 
(See Figure 2) 


All types 


ed 


2N706B 


DEE. Le oe TE eee 


2N706 
2N706A 7 16 25 
2N753 


2N706B 
All types 
All Types 


Storage Time 


Turn-On Time 


Turn-Off Time 


*Pulse Test: PW < 12 nsec, Duty Cycle = 2% 
** Switching Times Measured with Tektronix Type R Plug-In 
(50Q) Internal Impedance) and Circuits Shown Below. 
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Motorola High-Frequency Transistors 


2n/07,A fax = 600 Mc 


P, = 200-400 mW @ 100 Mc 


NPN germanium epitaxial mesa transistors for VHF 
oscillator and class C amplifier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Rating 
2N707 2N707A 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation at 25°C Case Temperature : 1.2 
(Derate above 25°C) 6.6 8 
Total Device Dissipation at 25°C Ambient Temperature 0.3 0.5 
(Derate above 25°C) 2 3.33 
Junction & Storage Temperature Range Tj, Tstg — 65 to +175 
*Refers to Collector Breakdown Voltage in the high current region when R,, = 10 ohms. t Veto 
50 Nn 50 
2N707 Air 2 
Input 180 pf _2N707A (Note 1) 0.001 uf Core Output 


Heat sink is required. 
Note 2 Adjust for Class C operation. 


Li 5 turns #14 wire wound on Note 3. Very High conductance silicon 
1/2"" diameter. diode. 
Lo 2 turns #14 wire wound on Ly. Note 4 Adjust Voc for proper VcE 


100 MC, CLASS C, COMMON BASE AMPLIFIER 
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Motorola High-Frequency Transistors 


2N707,A (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic Max 


Collector-Base Breakdown Voltage 
(Ic = 10 # Adc, Ig = 0) 2N707 
2N707A 


Collector-Emitter Breakdown Voltage 
(Ic = 10mAdc, R = 10 ohms) 2N707 


Collector-Emitter Breakdown Voltage* 
(Ic = 20 mAdc, Ip = 0) 2N707A 


Emitter-Base Breakdown Voltage 
(Iz = 100 wAdc, Io = 0) 2N707A 


Collector Cutoff Current 
B = 15 Vdc, Ip = 0) 2N707 
= 15 Vde, Ip = 0, Ta = + 150°C) 2N707 
(Vcp= 30 Vdc, ins = 0) 2N707A 
(Vep = 30 Vde, Ip = 0,T, = 150°C) 2N707A 


Emitter Cutoff Current 
(VEB = 4 Vdc, Ic = 0) 2N707 
(VeB = 5 Vdc, Ic = 0) 2N707A 


Forward Current Transfer Ratio 
(Ic = 10 mAdc, VCE = 1 Vdc) 2N707 
2N707A 


Collector Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 
Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1 mAdc) 


Collector Capacitance 
(Vop = 10 Vdc, Ip= 0) 2N707 
(Vop = 5 Vdc, Ip = 0) 2N707A 


Current Gain-Bandwidth Product 
(VcE = 10 Vdc, Ip = 15 mAdc) 


VCE(sat) 


VBE(sat) 


Maximum Frequency of Oscillation 


r’pCc Product 
(Veg = 10 Vde, Io = 10 mAdc, f = 4 mc) 


Power Output, 100-mc, Common Base, 
Class-C Amplifier (Figure 1) 
(Vox = 20 Vde, Pi, = 50 mW) All Types 
(Vor = 40 Vdc, Pin =175 mW) 2N707A 


100-mc Oscillator Efficiency 
(VoR = 28 Vdc, Ic = 40 mAdc) 


*Pulse Test 300 usec, 2% duty cycle 
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Motorola High-Frequency Transistors 


an/08 Vero =15V 
a f; = 450 Mc Typ 


NPN silicon annular transistor for high-speed switch- 


CASE 22 ing applications. 


(TO-18) 


MAXIMUM RATINGS 


Characteristic Symbol 
Collector-Base Voltage Vv 40 Vdc 
Collector-Emitter Voltage VCEO 15 Vdc 
Emitter-Base Voltage VERBO 5.0 Vde 

1.2 
0.68 
Total Device Dissipation 
0.36 
°C 
aC 


Rating Unit 


100°C Case Temperature 
(Derate 6.9 mW/‘C above 100°C) 


CBO 
Total Device Dissipation P Watts 
ae 
Ph Watts 
25°C Ambient Temperature 
(Derate 2 mW/”C above 25°C) 
J 
stg 


(Derate 6.9 mW/°C above 25°C) 
Junction Temperature T + 200 
Storage Temperature T -65 to +300 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 
Characteristic 


Collector Cutoff Current pAdc 


(Voz = 20 Vde, Ig = 0) 
(Vop = 20 Vde, Ip = 0, Ta = 150°C) 


Emitter Cutoff Current 
(Vep = 4.0 Vdc, Ic = 0) 


Collector-Base Breakdown Voltage BVcBO 
(Ic = 1.0 pAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage BVcro 
(Ic = 30 mAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage BVcER 
(Ig = 30 mAdc, Rpg = 10 2) 


Emitter-Base Breakdown Voltage BVE 
(ig = 10 pAdc, Ic = 0) 
Forward Current Transfer Ratio 
(Ic = 0.5 mAdc, Vog = 1.0 Vdc) 
(Ic = 10 mAdc, VcR = 1.0 Vdc)* 
(Ie = 10 mAdc, Vog = 1.0 Vdc, Ta = -55°C)* 


Small Signal Forward Current Transfer Ratio 
(Ic = 10 mAdc, Vopr = 10 Vde, f = 100 mc) 
Collector Saturation Voltage 


= 10 mAdc, Ip = 1.0 mAdc) 

(Iq = 7.0 mAdc, Ip = 0.7 mAdc, 
Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 7.0 mAdc, Ip = 0.7 mAdc, Ta = -55°C) 
Output Capacitance 

(Vop = 10 Vdc, Ip = 0) 
Storage Time (Figure 1) 

(Ic = Ipy = Ipg = 10 mAdc) 
Collector Current Icrx 

(Vor = 20 Vdc, Vpp = 0.25 Vde, T, = 125°C) 


Base Resistance 
(Ig = 10 mAdc, Vog = 10 Vde, f = 300 mc) 


ywAdc 


< 
a 
a 


= < 
S| & 


< 


dc 


8 


w 
o) 


VCE(sat) Vdc 


rE 
ee |e 
fo =] CJ 
oo o* 

= 

Q 


Ta = -55 to 125°C) 


VBE(sat) 


8 


Q 
EE 


} B 


* Pulse Test: Pulse width © 300 usec, duty cycle = 2% 
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Motorola High-Frequency Transistors 


Vees =15V 
an/10 eal 
PNP germanium mesatransistor for saturated and 
sy ae and non-saturated switching applications. 
TO-1 


MAXIMUM RATINGS (At 25°C unless otherwise noted) 


Collector Dissipation @ 25°C Case Temp. 
(Derate 4mW/°C above 25°C) 


_ Collector Dissipation in Free Air 


Collector to Base Breakdown Voltage 
Ic = —100zAdc, In = 0 


Collector to Emitter Breakdown Voltage 
Ion = — 100 Adc, Vaz = 0 


Emitter to Base Breakdown Voltage 
Ie = —100zAdc, Ic = 0 


Collector Cutoff Current 
Ves = —6Vdc, Iz = 0 


Forward Current Transfer Ratio 
Vee = —.5Vde, Ic = —10mAdc 


Collector Saturation Voltage 
Is = —0.4mAdeg, Ic = —10mAdc 


Base to Emitter Voltage 
Is = —.4mAdec, Ic = —10mAde 


Delay -+- Rise Time (Fig. 1) 
In = —1.0mAdc, Ic = —10mAdc 


Storage Time (Fig. 1) 
la = — LOmAde, Iss = .25mAdc 


Fall Time (Fig. 1) 
In —1mAdzc, Iss = .25mAdc 
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Motorola High-Frequency Transistors 


2n711,A,B Af comet 


Ic = 50-100 mA 
f; = 300-320 Mc Typ 


PNP germanium mesa transistors for high-speed 


CASE 22 switching applications. 
(TO-18) 


MAXIMUM RATINGS 


| __— Characteristic | Symbol [2N711| 2N711A | 2N711B|_Unit_ 
entertain | vero | uz |» | | ve 
cotsrtnter vate | vors | [| | ve 
eatetorsnitrvater | Yor | — |? | 7 | ve 
veo ft [sf * [ve 
caer Owe Coins) [ie | 
eter Cave Conm) | ig |v | 108 | 108 | mae 
Ww 


Device Dissipation @ To = 25°C 
mw/*C 


Derating factor above 25°C 


Device Dissipation @ T, = 25°C 
Derating factor above 25°C 
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Motorola High-Frequency Transistors 
2N711,A,B (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


| Characteristics | Symbol | Min | typ | Max | Unit | 


Collecter-Base Breakdown Voltage 
lle = 100 p Ade, Ig = 0) 


(ic = 20 Ade, Ig = 0) 


Collector-Emitter Breakdown Voltage 
(lg = 100 pAdc) 


(lg = 20 Ade) 


Collector-Emitter Breakdown Voltage 
(ic = 5 mAde, Ig = 0) 


Emitter-Base Breakdown Voltage 
(ig = 0.1 mAde, In = 0) 


Collector-Base Cutoff Current 
(Vop = 5 Vdc, Ig = 0) 


(Yop = 10 Vde, Ip = 0) 


Emitter-Base Cutoff Current 
(Ven = 1 Vdc) 


DC Current Gain 
(ig = 10 mAdc, Voge = 0.5 Vde) 


(ig = 50 mAdec, Vog = 0.7 Vde) 


Collector Saturation Voltage 
(lc = 10 mAde, Ip = 0.5 mAdc) 


(ic = 10 mAde, Ip = 0.4 mAdc) 
(Ic = 50 mAde, Ip = 2 mAdc) 


Small-Signal Current Gain 
(ic = 10 mAdc, Vog = 5 Vee, f = 100 mc) 2N711A, 2N711B 
(ig = 10 mAdc, Vcg = 0.5 Vdc, f = 100 me) 2N711A 
2N711B 


Base-Emitter Voltage 
(Ig = 10 mAde, Ig = 0.4 mAdc) 2N711, 2N711A 
2N711B 


(lc = 50 mAdc, Ip = 2 mAdc) 2N711A 
2N711B 
Collector Output Capacitance 
(Vopg & § Vdc, Ig = 0,f= 1 me) 2N711A, 2N711B 
(Vop = 10 Vde, Ip = 0, f = 1 me) 2nv711 


Minority Carrier Storage Time 


Figure 1: { 2N711A, 2N711B 


. g BN711A, 2N711B 
Figure 2: eN711 ° 


3.5 Vdc 


INPUT 3000 
— GREGUIVALENT 
+$1.25¥ cau. 
ae ea 
5K 
—54V 
RISE AND FALL TIME << 1 nsec 
PULSE WIDTH 0.5 ,sec 


SKL MOD. 503 OR EQUIVALENT 
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2N711,A,B (continued) 


- COLLECTOR SATURATION VOLTAGE 
versus AMBIENT TEMPERATURE 


Vor (sar), COLLECTOR SATURATION VOLTAGE (VOLTS) 
Vow (sae), COLLECTOR SATURATION VOLTAGE (VOLTS) 


= 


—60 —40 —20 0 +20 440 460 +80 +100 


T,, AMBIENT TEMPERATURE (°C) 


NORMALIZED DC CURRENT GAIN 
versus COLLECTOR CURRENT 


NORMALIZED D-C CURRENT GAIN 


Ic, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


COLLECTOR SATURATION VOLTAGE 
_ STORAGE TIME versus CIRCUIT CURRENT RATIO 


0.1 
1 2 4 6 810 20 40 60 80 100 
lc/|s, CIRCUIT CURRENT RATIO 
STORAGE TIME versus 
CIRCUIT CURRENT RATIO 
wry 
g 
& 
ad 
= 
= 
tw 
go 
3 
So 
a 


5 10 5 
lc/lpr CIRCUIT CURRENT RATIO 


Motorola High-Frequency Transistors 


on/ 18 


For Specifications, See 2N697 Data Sheet 


on/ 18A Veer = 50 V 


2N956 f; = 300 Mc Typ 
2N1613 
2N1711 
| NPN silicon annular Star transistors for high-speed 
Switching and DC to UHF amplifier applications. 
CASE 22 CASE 31 
(TO-18) (TO-5) 
2N718A 2N1613 
2N956 2N1711 


MAXIMUM RATINGS 


2N1613 2N718A 
Symbol 2N1711 2N956 Unit 
(TO-5) (TO-18) 


Collector-Base Voltage VcsBo 15 75 Vdc 
Collector-Emitter Voltage VoER 50 50 Vdc 
Emitter-Base Voltage VEBO 7 | 7 Vde 


Total Device Dissipation at 
25°C Case Temperature 
Derate 


Characteristic 


Total Device Dissipation at 


25°C Ambient Temperature 0.8 : 
Derate 4.57 2. 86 mwW/°C 
Junction Temperature Ty ~65 to +200 °C 
Storage Temperature Tetg -65 to +300 ; — °C 


8-42 


Motorola High-Frequency Transistors 


2N718A, 2N956, 2N1613, 2N1711 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Collector Cutoff Current 
(Vop = 60 Vde, Ip = 0) 
Collector Cutoff Current 
(Vop = 60 Vdc, Ta = 180°C) 
Emitter Cutoff Current 
2N1711, 2N956 


Collector-Base Breakdown Voltage 
(Ig = 100 pAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc, pulsed; Rpg = 10 Q) 
Emitter-Base Breakdown Voltage 
(Ig = 100 pAdc, Ic = 0) 
Collector Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
Base-Emitter Saturation Voltage 
(Iq = 150 mAdc, Ip = 15 mAdc) 
DC Forward Current Transfer Ratio 


= .01 mAdc, Vog = 10 Vac) 2N1711, 2ND56 

(Ic = 0.1 mAde. Vog = 10 Vac) 2N1613, 2N718A 
2N1711, 2ND56 

(Ic = 10 mAdc, Vog = 10 Vdc) 2N1613, 2N718A 
2N1711, 2ND56 

(Ic = 10 mAdc, Vog=10Vde, Ta =-55°C) 2N1613, 2N718A 
e 2N1711, 2N956 

(Ig = 150 mAde, Vog = 10 Vde) 2N1613, 2N718A 
2N1711, 2ND56 

(Ig = 500 mAdc, Vox = 10 Vac)* 3N1613, 2N718A 
2N1711, 2N956 


Output Capacitance 
(Vop = 10 Vdc, Ip = 0, f = 100 ke) 
Input Capacitance 
(Vip = 0.5 Vde, Io = 0, f= 100 ke) 
We 


< 


mall Signal Forward ren ansier Ratio 
(Vor = 10 Vde, Ic = 50 mAdc, f= 20 mc) 2N1613, 2N718A 
2N1711, 2N956 


(Ic = 1mAde, Veg =5Vde, f=1 ke) 


(Ic = 5mAde, Veg = 10 Vde, f=1 ke) 2N1613, 2N718A 
2N1711, 2N956 


Input Resistance 
= 1 mAdc, Vcp = 5 Vde, f = 1 ke) 
(Ig = 5 mAdc, Vop = 10 Vdc, f = 1 ke) 


Voltage Feedback Ratio 

(Ic = 1 mAdc, Vcp = 5 Vde, f ='1 ke) 2N1613, 2N718A 
2N1711, 2N956 

(Ic = 5 mAdc, Vcp = 10 Vde, f = 1 ke) 2N1613, 2N718A 
2N1711, 2N956 


Output Conductance 
(Ic = 1 mAdc, Vop = 5 Vac, f = 1 ke) 
(Ic = 5 mAdc, Vcp = 10 Vde, f = 1 ke) 


Noise Figure 
(Vop = 10 Vdc, Io = 300 wAdc, f= 1ke) 2N1613, 2N718A 
; 2N1711, 2N956 


*Pulse Test: Pulse width 5 $00 usec Duty cycle S 2% 
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Motorola High-Frequency Transistors 


an/22 Vero = 35-45 V 


ae ,A,B lc = 500-600 mA 
f; = 250 Mc Typ 


PNP silicon annular transistors for medium-current- 
switching applications. 


CASE 22 CASE 31 
(TO-18) (TO-5) 


2N1132,B 2N722 
2N2303 


MAXIMUM RATINGS 


Collector-Base Voltage 
2N722, 2N1132, 2N2303 
2N1132A 

2N1132B 


Collector-Emitter Voltage 
2N722, 2N1132, 2N2303 
2N1132A 

2N1132B 


Emitter-Base Voltage 
2N722, 2N1132, 2N1132A, 2NZ303 
2N1132B 


Collector-Emitter Voltage 
= 102) 

2N722, 2N1132, 2N1132A, 2N2303 
2N1132B 


Collector Current 
2N2303 
2N1132A, 2N1132B 


Total Device Dissipation @ Tc = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 


TO-18: 2N722 
Derating Factor Above 25°C 


Total Device Dissipation @ Ta = 25°C 
TO-5: 2N1132, 2N1132A, 2N1132B, 2N2303 
Derating Factor Above 25°C 


TO-18: 2N722 
Derating Factor Above 25°C 


Thnction Temperature 


Storage Temperature Range -65 to+ 300 


oc 
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2N722, 2N1132,A,B, 2N2303 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted ) 


Characteristic 


Coliector-Base Breakdown Voltage 
(Ic = 100 pAdc, Ig = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 100 pAdc, Ic = 0) 


(ig = 1 mAdc, Ic = 0) 


Collector-Emitter Breakdown Voltage 
(Ig = 100 mAdc pulsed) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 mAdc pulsed, Rar s 


Collector Cutoff Current 
(Vop = 30 Vde, Ip = 0) 


(Vop = 30 Vde, Ig = 0, Ta = 150°C) 
(Vop = 50 Vdc, Ip = 0) 


c. 0, 
(Vop = 50 Vdc, Ip = 0, T, = 150°C) 


Emitter Cutoff Current 
(VERB = § Vde, In = Q) 


(Vep = 2 Vdc, Io = 0) 
DC Forward Current Transfer Ratio 


(Ig = 5 mAdc, Vog = 10 Vdc) 


(Ig = 150 mAdc, Vog = 10 Vdc) 


Collector-Emitter Saturation Voltage 
(I¢ = 150 mAdc, Ig = 15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Output Capacitance 
(VoB = 10 Vde, Ig= 0, f = 100 ke) 
(Vcop = 10 Vdc, Ip = 0,f = 1 me) 


Input Capacitance 
(Veep = 0.5 Vde, Ip = 0, f = 100 ke) 


Small-Signal Forward Current Transfer Ratio 
(Ig = 1 mAdc, Veg = 5 Vdc, f = 1 ke) 


(Ic = 5 mAdc, Vcg = 10 Vde, f = 1 ke) 


Current-Gain — Bandwidth Product 
(Ig = 50 mAdc, Vog = 10 Vdc, f= 20 me) 


Small Signal Input Resistance 
(Ic = 1 mAde, Vop = 5 Vde, f= 1 ke) 
(Ig ="5 mAdec, Vop = 10 Vdc, f= 1 ke) 
Small Signal Output Admittance 
(ig = 1 mAdc, Vog = 5 Vde, f = 1 ke) 
(Ic = 5 mAdc, Vog = 10 Vde, f = 1 ke) 
Small Signal Voltage Feedback Ratio 
Mg = 1 mAdc, Vog = 5 Vde, f = 1 ke) 
(le = 5 mAdc, Vog = 10 Vde, f = 1 ke) 


2N722, 2N1132, 2N2303 
2N1132A 
2N1132B 


2N722, 2N1132, 2N2303 


2N1132A 
2N1132B 


2N722, 2N1132, 2N2303 
2N1132A 
2N1132B 


2N722, 2N1132, A, 2N2303 
2N1132B 


2N722, 2N1132, 2N2303 
2N722, 2N1132, 2N2303 


2N1132A 
2N1132B 


2N1132A 
2N1132B 


2N1132A 
2N1132B 


2N2303 


2N722, 2N1132, A, B 
2N2303 


2N722, 2N1132, A, B 
2N2303 


All Types 


All Types 


2N722, 2N1132, 2N2303 
2N1132A, 2N1132B 


All Types 


2N722, 2N1132 
2N1132A, 2N1132B 
2N2303 


2N722, 2N1132, A, B 
2N2303 


All Types 


All Types 


All Types 


All Types 
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Motorola High-Frequency Transistors 


Symbol 


VcK(sat) 
VBE(sat) 


Cin 


Motorola High-Frequency Transistors 


Veso = 15-20 V 
2nJ41,A G, = 16 db @ 30 Mc 


NF = 7 db @ 30 Mc 


PNP germanium mesa transistors for oscillator, 
frequency multiplier and amplifier applications. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic Symbol 


2N741 


Collector-Base Voltage QNT41A 


2N741 - 
Vd 
Collector- Emitter Voltage Vero ONT41A c 


Collector Current (Cont:auous) 


Junction Temperature 
Storage Temperature Tatg —65 to +100 


Total Device Dissipation @ 25°C 
Case Temperature 
(Derate 4 mW/°C above 25°C) 


Total Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2 mW/°C) 


POWER GAIN AND COMMON EMITTER CURRENT GAIN 
POWER OUTPUT versus FREQUENCY, versus FREQUENCY 


CLASS C AMPLIFIER* 


(See circuit below) 


LIMITED DUTY CYCLE 
NOTE: OC power input 
is 800 to 1000 M'iliwatts 


HIGH may MAX f ie 
E TY 


10 20 30 40 5060 380 100 700 300 
FREQUENCY (MEGACYCLES) 


BRN 
CCEA TET 
INN 


Bl 


POWER OUTPUT (MILLIWATTS) 
GAIN (DECIBELS) 


1 2 4 6 10 20 40 60 100 200 400 1000 
FREQUENCY (MEGACYCLES) 
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Motorola High-Frequency Transistors 


2N741,A (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Collector-Base Breakdown Voltage 
Ic = —100 wAdc 


Emitter-Base Breakdown Voltage 
Ic = 0, In = 100 nAdc 


| Collector-Emitter Cutoff Current 
Ver =—15 Vdc, Ver =—0 


j Collector-Emitter Cutoff Current 
Vee = —20 Vdc, Vern —0 


Collector Cutoff Current 
Vcr = —6 Vdc, Ie = 0 


Forward Current Transfer Ratio 
Vee = —6 Vdc, Ic = —5 mAdc 


Small! Signal Forward Current Transfer Ratio 
Vce = —6 Vdc, Ic = —5 mAdc, f = 1 ke 


Collector Output Capacitance 
Vcs = —6 Vdc, Iz = 0, f = 100 kc 


Collector Capacitance 
Vcs = —6 Vdc, Iz = 0, f = 100 ke 


Input Impedance 
Vcs = —6 Vdc, In = 5 mAdc, f = 1 ke 


Output Admittance 
Vcs = —6 Vdc, Iz = 5 mAdc, f = 1 ke 


Frequency at Which Common-Emitter 
Current Gain is Unity 
Vcr = —6 Vdc, Iz = 5 mAdc 


Base Resistance 
Ves = —6 Vdc, Iz = 5 mAdc, f = 300 mc 


Noise Figure 
Ves = —6 Vdc, Iz = 5 mAdc, f = 30 mc 


Power Gain, Matched, Neutralized 
Vcr = —6 Vde, Iz = 5 mAdc, f = 30 mc 


Power Output 
Ves = —6 Vdc, Ic = —60 mAdc 
PG. = 8 db ,f = 30 mc 


Power Output 
Vern = —6 Vdc, Ic = —60 mAdc 
PG. =5db ,f =70 mc 
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Motorola High-Frequency Transistors 


Vceo = 12V 
on/ 44 Ic = 200 mA 


f; = 450 Mc 


CASE 22 
(TO-18) 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage* 
Emitter-Base Voltage 
Collector DC Current 
Total Device Dissipation at 
25 C Case Temperature 
(Derate 6.67 mW/ C above 25 C) 
Total Device Dissipation at 
25 C Ambient Temperature 0.3 
(Derate 2 mW/ C above 25 C 
Junction Temperature +200 


Storage Temperature -65 to +300 


“Refers to the voltage at which the magnitude of hrg approaches one when the 
emitter base diode is open-circuited. 


‘SWITCHING TIME TEST CIRCUIT CHARGE STORAGE TEST CIRCUIT 


MODEL 303 LUMATRON R4 RS 
PULSE GENERATOR 
OR EQUIVALENT 


—5V 
MODEL 12-AB 
LUMATRON 
OSCILLOSCOPE 
OR EQUIVALENT 


10 Vdc 
(Adjust for 
tC = 10 mAdc) 
IC =- +10 mAdc 
181 = +10 mAdc 
182 — ..10 mAdc 
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Motorola High-Frequency Transistors 


2N744 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Ne 


Collector Cutoff Current 
(V = 20 Vdc, Ik = 0) 
(Vor = 20 Vdc, Ip = 0, Ta = 170°C) 


Collector Cutoff Current IcEx 
(Vor = 10 Vdc, Vpr = 0.35 Vdc, Ta = 100°C) 


Emitter Cutoff Current 
(Vez = 5 Vdc, Ic = 0) 


Collector-Emitter Breakdown Voltage 
(Iq = 10 mAdc, Ip = 0)* 


Forward Current Transfer Ratio 
(Ic = 1.0 mAdc, VoR = 0. 25 Vdc)° 
(Ic = 10 mAdc, Vcr = 0.35 Vdc) 
(Ic = 10 mAdc, Vog = 0.35 Vde, Ta = -55°C) 
(Ic = 100 mAdc, VcR = 1.0 Vdc)* 


Small Signal Forward Current Transfer Ratio ° hee 
(Ic = 10 mAdc, VoR = 10 Vdc, f = 100 mc) ; ; 
Base-Emitter Voltage VBE 
0. 
1. 
1. 
1. 


(Iq = 10 mAdc, Ip = 1 mAdc) 

(Ic = 10 mAdc, Ip = 1 mAdc, TA = -55°C) 
(I¢ = 100 mAdc, Ip = 10 mAdc)* 

(Ic = 100 mAdc, Ig = 10 mAdc, Ta = -55°C)* 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ig = 1 mAdc, Ta = 170°C) 
(Ic = 100 mAdc, Ip = 10 mAdc, Ta = 170°C)* 


Output Capacitance 
(Yop = 5 Vdc, Ip = 0) 


Turn-on Time 
(Condition 1) 
(Condition 2) 

(Condition 3) 

(Condition 4) 


Turn-off Time 
(Condition 1) 
(Condition 2) 
(Condition 3) 
(Condition 4) 


Charge Storage Time Constant 
(Ic = 10 mAdc, Ip, = -Ipo = 10 mAdc) 


CONDITION] Io 
mA 


3 
10 
50 

100 


*VoB is pulsed for 1.5 sec @ less than 10% duty cycle 


8-49 


Motorola High-Frequency Transistors 


an/53 


For Specifications, See 2N706 Data Sheet 


Vees = 20V 
| lc = 100 mA 
ono2/ C 

f; = 350 Mc Typ 

@ PNP germanium mesa transistor for high-speed 

switching applications. 
CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Emitter-Base Voltage 


Collector Current (Continuous) 
Junction Temperature } °c 
Storage Temperature % 


Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 
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Motorola High-Frequency Transistors 


2N827 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Charactrist Se aoe 


Collector-Base Breakdown Voltage aie 
(I¢ =100 “Adc, Ig =0) 


Collector-Emitter Breakdown Voltage Vers 
(Ic = 100 “Adc, Vep= 9) 

Emitter-Base Breakdown Voltage BVepRO Vde 
(n= 100 “Adc, Ic= 0) 7 

Collector Latch-up Voltage LVcryx cGtina kam 

Collector-Emitter Cutoff Current logs bt Adc 
(Vor =15 Vdc, Veep =0) 

Collector-Base Cutoff Current IcBo Mt Adc 
(Vcp =15 Vdc,) 

DC Forward Current Transfer Ratio her 
(Ic =10 mAdc, Vcp=0.3 Vdc) 100 | 150 

Collector-Emitter Saturation Voltage VcR( sat) Vde 
(Ic =10 mAdc, Ip =3.3 mAdc) 

Base-Emitter Voltage Vde 

(Io =10 mAdc, Ip =3.3 mAdc) 

Small-Signal Forward Current Transfer Ratio | hy, 

(Ip =10 mA, Vog=1V, f= 100 me) 

Collector Output Capacitance 
(Vcp=10 V, Ip=0, f=1 mc) 

Delay Time ~ fat to 


sorage Tie a ce 


Fall Time 


les = —10mAde 
14, = —3.3mAdc 
14; = —3.3mAdc 


Vee = —3V 
GENERATOR Z,,, = 502 
INPUT PULSE t, = t, = 1 nsec 
INPUT PULSE WIDTH = 100 nsec 
(50% DUTY CYCLE) 
1.2K 


2750 


SCOPE 

Zin == 1 Mego 
Cw = 20 pf 

t, = 1 nsec 


SWITCHING TIME TEST CIRCUIT 


Vee(o; = +4Vde 
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Motorola High-Frequency Transistors 


Vees =15V 
2n828 lc = 200 mA 


f; = 400 Mc Typ 


PNP germanium epitaxial mesa transistor for high- 
Speed switching applications. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 15 


Collector-Emitter Voltage 15 
Emitter-Base Voltage 2.5 
Collector DC Current 200 
Junction Temperature 100 
Storage Temperature —65 to +100 


Total Device Dissipation 

at 25°C Case Temperature 
(Derate 4 mW/°C above 25°C) 

Total Device Dissipation 


at 25°C Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


300 


150 


TYPE R SAMPLING RESISTOR 
02 


INPUT WAVEFORM PULSE VOLTS 2802 
INTERNAL RESISTANCE 


+4-1.25V 


200 2 4.8K dane —3Vdc (APPROX) 
(ADJUST FOR {,. = —10mA) 
Jar — —I1mA 
Ine = -0.25mA 
le = —10mA 
SWITCHING TIME TEST CIRCUIT = USE TEKTRONIX TYPE R PLUG-IN 
TYPE R SAMPLING RESISTOR 
PULSE VOLTS 9802 202 


INTERNAL RESISTANCE 
502 — 10Vde (APPROX) 
NOTE: (ADJUST FOR |,. = 10mA) 
tn, = —0.10mA 
—4.4V Ine = + 10mA 
INPUT WAVEFORM CHARGE STORAGE TIME TEST CIRCUIT + I. = —10mA 
HEWLETT-PACKARD 
MODEL 185 SAMPLING 
OSCILLOSCOPE 
OBSERVE 
+1.05V SCOPE TRIGGER INPUT HERE 0.01 :F 
ps = 1252 
HFR 
INPUT WAVEFORM 
STORAGE AND FALL TIME TEST CIRCUIT 
—7.5Vde —3.0Vdc 


Motorola High-Frequency Transistors 


2N828 (continued) 
ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Characteristic 


Collector-Base Breakdown Voltage 
Iz = 0, Ic = — 100 unAdc 
Collector-Emitter Breakdown Voltage 
Ves — 0, Ic = —100 wAdc 
Collector-Emitter Breakdown Voltage 
Ins = 0, Ic =— 1 mAdc 
Emitter-Base Breakdown Voltage 
Ic= 0, Iz = —100 nAdc 
Collector Cutoff Current 
Iz = 0, Vcs = —6 Vde 
Forward Current Transfer Ratio 
Ic = —10 mAdc, 
Vee = —0.3 Vde 
Collector Saturation Voltage Ver(aat) 
Ic = —10 mAdc, 
Is = —1 mAdc 
Collector Saturation Voltage Vee(nat) 
Ic = —50 mAdc, 
Ins = —5 mAdc 
Base-Emitter Voltage VasE(sat) 
Ir = —10mA 
Collector Capacitance Ces 
Ip = 0, Ves = —10 Vde 
Small-Signal Forward Current 
Transfer Ratio 
Ic = —10 mAdc, 
Vee = —1 Vdc, f = 100 mc 
Current Gain-Bandwidth Product 
Vce = —1 Vdc, 
Ic = —10 mAdc 
Delay Plus Rise Time 
Storage Time 
Fall Time 
Charge Storage Time Constant 
Rise Time 
Storage Time 
Fall Time 


RISE TIME FACTOR HEWLETT PACKARD 
MODEL 185 SAMPLING 
OSCILLOSCOPE 
SKL MODEL 503 
PULSE GENERATOR 


1252? 
HFR 


—7.5V 


INPUT WAVEFORM 


—3.0Vdc 
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Motorola High-Frequency Transistors 


2n828A eae 


2n829 f, = 300 Mc Min 


CASE 22 \ 
(TO-18) 


MAXIMUM RATINGS 


Maximum Ratings | Symbot | 
Collector to Base Voltage Vo BO 
Collector to Emitter Voltage Vers 
Emitter to Base Voltage Ve BO 
Collector Current (Continuous) 
Ambient Temperature (Derate 2..0mw/°C) i ™ 4 
Junction Temperature po 


T 
j 
Storage Temperature T5tg 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications 


ae 
a 
ee 


ae 

ole ek 

ae ao 
me 8 


Vd 
Vd 
d 


c 
Cc 
Cc 


Total Device Dissipation at 25°C case 


Temperature (Derate 4. Omw/°C above 25°C) 


Total Device Dissipation at 25°C 


+100 
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Motorola High-Frequency Transistors 


2N8 28A, 2N829 (continued) © 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


- ref tit 
- PEE 


Collector to Base Breakdown Voltage 
I, = 0, I, = -100uAde 


Collector to Emitter Breakdown 
Voltage 


BL. =0, I 


Cc =- 100“2Adc 


EB 


Emitter to Base Breakdown Voltage 


I, =0, I, = -100p Ade 


Collector Cutoff Current 


In = 0, Vop = -6Vdc 


Forward Current Transfer Ratio 


I. = -10mAdc, V = -.3Vdc 2N828A 
Cc Pe 2N829 


Forward Current Transfer Ratio 


I, = -150mAdc, V,. = -1Vde 2N828A 
2N829 


Cc CE 


Collector Saturation Voltage 
I. = -10mAdc, I, = -1.0 mAdc 2N828A 


Cc 
I, = -10mAdc, I,, = -0. 5mAdc 2N829 


ce 


VeK(sat) 


B 


Collector Saturation Voltage 


I, = -50mAde, 1, = -5.0mAde 


VcK(sat) 


Eo . 
VcK(sat) Vde 
0.35 | 0.50 

0.38 | 0.50 


Collector Saturation Voltage 
= -150mAdc, I, = -15mAdc 2N828A 
= -150mAdc, tn = -7,5mAdc 2N829 


C 


<j 
Ww 
ic 


Base to Emitter Voltage Vdc 


I, = -10mAdc, I, = -lmAdc 2N828A 


C 


= -l0mAde, I, = -0. 5mAdc 2N829 


Base to Emitter Voltage 
= -150mAdc, -_ = -15mAdc 2N828A 


= -150mAdc, I, = -7. SmAdc 2N829 


Collector Capacitance 
In = 0, Vop = -6Vdc 
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Motorola High-Frequency Transistors 


2N828A, 2N829 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 


Veep = = 1Vdc 


Small Signal Forward Current 
Transfer Ratio 


I, = -l0mAdc, V 


= -1Vdc, f = 100mc 


CE 


C 


Current Gain Bandwidth Product 


Vap = -1Vdc, Tn = -10mAdc, f = 100mc 


CE 


Delay Plus Rise Time (Fig. 1) 


Io = -10mAdc 


Storage Time (Fig. 1) 
In = -lOmAdc 


Fall Time (Fig. 1) 


Io = -l10mAdc 


Total Control Charge (Fig. 3) 


To = -10mAdc 


Delay Plus Rise Time (Fig. 2) 


I, = -150mAdc 


Turn Off Time (Fig. 2) 


In = -150mAdc 


Total Control Charge (Fig. 4) 


In = -150m Adc 


SAMPLING SAMPLING 
RESISTOR RESISTOR 
PULSE 280 20 PULSE 48 2 
VOLTS -3, 1Vdc VOLTS -7.15 Vde 
SIGNAL INTERNAL INPUT _—INTERNAL 
RESISTANCE SCOPE V_., SIGNAL RESISTANCE SCOPE V, 
1. 25 Vdc 
‘ 200 4.8K scaemie ieee Ic = -150mAde 
o- -|--]- 0- -|--|- Ip, = -7. 5SmAdc 
Ip = -lmAdc Ipg = +1. 9mAdc 
Ip2 2+0.25mAdc : 
-5.4 VDC -8, 2 Vde Vv aah: 
+ = VBE (0) = +1. 25Vde i REE e ce Yes 
SCOPE INPUT IMPEDANCE = 1Megohm SCOPE INPUT IMPEDANCE = 1Megohm 
SCOPE INPUT CAPACITANCE = 20pf SCOPE INPUT CAPACITANCE = 20pf 
GENERATOR OUTPUT IMPEDANCE = 50 ohms GENERATOR OUTPUT IMPEDANCE = 50 ohms 
INPUT PULSE t, = t, = 2nsec INPUT PULSE t, =t, = 2nsec 
10mA SWITCHING TIME TEST CIRCUIT 150mA SWITCHING TIME TEST CIRCUIT 
FIGURE 1 FIGURE 2 
*ADJUST V,,,, FOR -5.4 VOLT PULSE AT POINT A *ADJUST Vgpp FOR -8 VOLT PULSE AT POINT A 
300 50 
16pf -3.1Vde 22pf -7.15 Vde 
Vrer* Ic = -150mAdc 
BB 100 A Ip = -10mAdc VBB* 100 A Ip = -7. 5mAdc 
| | I, = -lmAdc | | 3 
-5.4 Vde -8 Vdc 
AT POINT A 100 fe RELAY AT POINTA 100 He RELAY 
-- 90% -- 
> = 20mV = = oe 20mvV 
10%- = MAX 10% -- _¥. MAX 
1 r 1 
10nsec MAX - fF 10nsec MAX -»| fe 7 
10mA TOTAL CONTROL CHARGE TEST CIRCUIT 150mA TOTAL CONTROL CHARGE TEST CIRCUIT 
FIGURE 3 FIGURE 4 
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Motorola High-Frequency Transistors 


2n834 Vces = 20-30 V 
Ic = 200 mA 
2N835 f= 500 Mc Typ 
@ NPN silicon epitaxial mesa transistors for high- 
speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


| Characteristic = “Symbol Type Rating | unit | 
a Voltage Vecso 2N834 Vdc 
2N835 — 
Collector-Emitter Voltage Vers 2N834 
2N835 
Emitter-Base Voitage Vaso 2N834 
fanaa 


} Collector Current = Current 


Storage Temperature ss —65 to +175 ae 


Total Device Dissipation @ 
25°C Case Temperature 
(Derate 6.67 mw/°C above 25°C ) 
Total Device Dissipation @ 
100°C Case Temperature 
(Derate 6.67 mW/°C above 100°C) 


Total Device Dissipation @ 
25°C Ambient Temperature 
(Derate 2 mW/°C) 


TURN-ON AND TURN-OFF TIME MEASUREMENT CIRCUIT CHARGE STORAGE TIME CONSTANT MEASUREMENT CIRCUIT 


¥,, ~10V 


tea: Van = —4¥dC tere: Van = +16 Vee Vi. = —19 Vdc 
te = 


NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 


8-57 


Motorola High-Frequency Transistors 


2N834, 2N835 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Coltector-Base Breakdown Voltage BVcso 2N834 

Is = 0, Io = 10 pAdc 2N835 
Emitter-Base Breakdown Voltage BVss0 2N834 

Ic = 0, In = 10 pAdc 2N835 
Collector Cutoff Current 

Van = 0, Vex = 30 Vde 
Collector Cutoff Current 

Var = 0, Ver = 20 Vde 
Collector Cutoff Current Iceo 

Iz = 0, Ves = 20 Vde 

ro 


Collector Cutoff Current 
Is = 0, Ves = 20 Vde, Ta = +150°C 


Forward Current Transfer Ratio (Note 1) 


2N834 

Ic = 10 mAdc, Voz = 1 Vde 2N835 
Collector Saturation Voltage Vexteat 2N834 F 
Ic = 10 mAde, Is = 1.0 mAdc 2N835 : 


EOCGEEG 


h 


Collector Saturation Voltage (Note 1) Vesa: 2N834 
Ic = 50 mAdc, Is = 5.0 mAdc -  2N835 


Base-Emitter Saturation Voltage (Note 1) Voxceat) 
Ic = 10 mAdc, Is = 1.0 mAdc 


Collector Capacitance 
In = 0, Vea = 10 Vdc, f = 100 ke 


Smail Signal Forward Current Transfer Ratio 
Ic = 10 mAdc, Voz = 20 Vdc, f = 100 mc 


Small Signal Forward Current Transfer Ratio 
Ic = 10 mAde, Vos = 15 Vdc, f = 100 mc 


Current Gain-Bandwidth Product 
_ Ven = 20 Vde, Ic = 10 mAdc, f = 100 mc 


Current Gain-Bandwidth Product 
Vez = 15 Vdc, Ic = 10 mAdc, f = 100 me 


Charge-Storage Time Constant (Figure 2; Note 2) | Base | 
Turn-on Time (Figure 1; Note 3) ts. 2N834 
2N835 
Turn-off Time (Figure 1; Note 3) 
2N835 


> 
EE 


eo!| oe 
who] =o 
amc] Oth 
ral af a] of of a) alae ee] si] 


nsec 
nsec 


nsec 
nsec 


s 
a 

Cy 

~ 
= 
oo 
iz) 
& 


w oo 
ae 


Note I — Pulsed Conditions Note 2—Ic=10mA Note 3—Ic = 10mA 
Pulse length << 12 msec Is: = Iss = 10 mA In. = 3 mA 
Duty Cyclo <= 2% les=1mA 
NORMALIZED CURRENT GAIN 
CHARACTERISTICS 
RISE TIME FACTOR 
2.4 
2.2 ea 
| ei eae a 


TA ert eae NL 
| =e TAN 
= al a mi 
“2 eer 


ee OE OE 0 eee 


a 
ca 6 a 
oLt_ttit | /|titl | | il 


1 10 
Ic, COLLECTOR CURRENT (mAdc) 


R,RISE TIME FACTOR (NORMALIZED t,/ 7, 4,) 
hee, NORMALIZED DC CURRENT GAIN 
re 
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—— Motorola High-Frequency Transistors 


Ve >S— 30 V 
2n838 lc = 100 mA 
@ f; = 300 Mc 


PNP germanium epitaxial mesa transistor for high- 
CASE 22 Speed switching applications. 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 30 


Collector-Emitter Voltage : 30 


Collector-Emitter Voltage 15 
(see Figure 2) 


Emitter-Base Boltage 2.9 
Collector Current (Continuous) 100 
Junction Temperature +100 
Storage Temperature | -65 to+ 100 
Device Dissipation @ 25°C 150 


Ambient Temperature 
(Derate 2mW/°C above 25°C) 


100 z 
1h uPYy | Lateh. “up ‘free Operating Area. Latch-up is the 
% YY failure of the collector potential fo return to the 


Vz supply voltage upon turn-off. The curve shows 
Z the permissible operating area to avoid latch-up. 
7 Load excurstons must not pass through the 
ATCH-FREE 
LOAD LINE AREA Y 
G yy 
pea y 
|| ttt 


produce the reduction in output voltage noted 
Z above and cause high power dissipation. 
yy fi vilidiWittd/a 

Collector Latch-Up Voltage Test Circuit 


AREA OF PERMISSIBLE LOAD LOC! 


shaded area. Excursions into the shaded area 
will not necessarily harm the transistor, but may 
WA 

YY De 
Y ”, 


Ie, COLLECTOR CURRENT (mAdc) 


NS Wc Bonet 
= 8 9 10 
Vee. COLLECTOR-EMITTER VOLTAGE (VOLTS) 


les = —10mAdc 
y 3 1,, = —3.3mAdc 
GENERATOR Zou = 502 co= SV) = 43.3made 


INPUT PULSE t, = t, = 1 nsec 


INPUT PULSE WIDTH = 100 nsec 2750 

SWITCHING TIME TEST CIRCUIT (50% DUTY CYCLE) ~ 
SCOPE 

Zin == 1 Megan 

Cin = 20pf 


t, <= 1 nsec 


1.2KQ 


Vee;0] = +4Vde 
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Motorola High-Frequency Transistors 


2N838 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage 
(Ig =100 # Ade, Ig =0) 


Collector-Emitter Breakdown Voltage 
(Ic = 100 4 Adc, Vep =9) 


Emitter-Base Breakdown Voltage 
(Ip = 100 4“ Adc, Ine 0) 


Collector Latch-up Voltage 
(see Figure 2) 


Collector-Emitter Cutoff Current 


Collector-Base Cutoff Current 
(Vep=15 v) 


DC Forward Current Transfer Ratio 
(Ic =10mAdc, Vop= 0.3 Vac) 


Collector-Emitter Saturation Voltage Voxk(sat) 


(Ig =10 mAde, Ip =3.3 mAdc) 


Base-Emitter Voltage 
(lg =10 mAdc, Ip =3.3 mAdc) 


Small-Signal Forward Current Transfer Ratio 
(Ic =10 mA, Vof‘=1V, f=100 mc) 


Collector Output Capacitance 
(Vog =10 Vv, Ip=0, f=1 me) 


Storage Time 


Fall Time 
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Motorola High-Frequency Transistors 


Vero = 20-25 V 
2n869 co 
f, = 300 McT 
2N995 ©“ : ae 
CASE 22 
(TO-18) 


PNP silicon annular transistors for high-frequency 
general-purpose amplifier applications. 


ABSOLUTE MAXIMUM RATINGS 


Characteristics Symbol Type 
Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation 
at 25°C Case Temperature 


at 100°C Case Temperature 
(Derate 6.86 mW/°C above 25°C) 


Total Device Dissipation 
at 25°C Ambient Temperature 
(Derate 2.06 mW/°C above 25°C) 


Storage Temperature ~65 to +200 


ES 


Junction Temperature i +200 
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Motorola High-Frequency Transistors 


2N869, 2N995 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°c untess otherwise noted) 


=— COCs 
Collector-Base Breakdown Voltage BVcBO Volts 
(Ic = 10 wAdc, Ip = 0) 2N869 
2N995 
Collector-Emitter Sustaining Voltage * ; Vcro t * Volts 
(ic =10mAdc,Ig = 0) — 2N869 ia ET 
2N995 15 
Emitter-Base Breakdown Voltage BVERO 
(Ip = 10pAdc,I¢ =0) 2N869 Volts 
2N995 
Collector Cutoff Current IcBo mu Ade 
(Vcp =-15 Vdc, Ip= 0) 2N869 .010 
2N995 . 005 
(Vop = -15 Vdc, Ip = 0, Ta = 150°C) Both Types 25 
Emitter Current’ u Adc 
(V—eR = 4.0 Vdc, Ic = 0) 2N995 
1.0 | 
0.2 


Collector Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 20 mAdc, Ip = 2.0 mAdc) 


Base Saturation Voltage 
(Ic = 10 mAdc, Ip =1.0 mAdc)  2N869 
(Ic = 20 mAdc, Ip =2.0 mAdc) 2N995 


DC Forward-Current Transfer Ratio * 

(IC = 10 mAdc, VCE = -5.0 Vdc) 2N869 
1.0 mAdc, Voz = -1.0 Vdc) 2N995 
20 mAdc, Vog =-1.0 Vdc) 2995 
50 mAdc, Vog = -1.0 Vdc) 2N995 


& 


Open-Circuit Output Capacitance 
(Vcp = -10V,Ip =0) 2N869 
S 2N995 


Open-Circuit Input Capacitance 
(VER = -0.5 V,Ic = 0) Both Types 


Small-Signal Forward-Current 
Transfer Ratio 


(Ic = 10 mA, Voz =-15V, f= 100 Mc) 2N869 
(Ig = 10 mA, Veg = -10V,f = 100 Mc) 2N995 


*Pulse Note: Pulse Width = 300 psec, Duty Cycle = 1% 
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2n914 


e 


Motorola High-Frequency Transistors 


Veco =15V 
f-=500Mc Typ 


NPN silicon annular transistor for high-speed switch- 


ing applications. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
(Rag <S 1092) 


Emitter-Base Voltage 


Operating Junction Temperature 


Lead Temperature 
(Soldering, no limit) 


Total Device Dissipation 
at 25°C Case Temperature 
(derate 6.9 mW/°C) 


Total Device Dissipation 
at 25°C Ambient Temperature 
(derate 2.06 mW/°C) 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 


+5V 


INPUT PULSE 
Rise Time <= 1 nsec 
509 Source Impedance 


o 215 


OUTPUT TO 
SAMPLING OSCILLOSCOPE 
Rise Time <= 1 nsec 
502 Input impedance 
PW = 200 nsec 


200 


+7V 
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Ton and Tort TEST CIRCUIT 


0 
INPUT PULSE 


Rise Time < 1 nsec 
50 Source tmpedance 


+5V 


0.1 200 


SAMPLING OSCILLOSCOPE 
Rise Time = 1 nsec 
502 Input Impedance 
PW = 200 nsec 


Motorola High-Frequency Transistors 


2N914 (continued) 


ELECTRICAL CHARACTERISTICS (At 25° unless otherwise specified.) 


Collector Cutoff Current 
(Ves — 20 V, le — 0) 
(Ve, = 20 V, le = 0,T, = 150°C) 


Emitter Cutoff Current pA 
(Veg — 4.0 V, Ie = 0) 

Collector Current 
(Voc = 0.25 V, Vee = 20V ’ Ta — 125°C) 

Collector-Base Breakdown Voltage BV cso Volts 
(Ie = 1.0 pA, le = 0) ; 

Emitter-Base Breakdown Voltage BVeso Volts 
(Ip = 10 pA, le = 0) 

Collector-Emitter Sustaining Voltage (Note 1) Veen(sust) 
(le = 30 mA (pulsed), Rye <= 10 ohms) 

Collector-Emitter Sustaining Voltage (Note 1) Veeoisust) Volts 
(lc = 30 mA (pulsed), |, = 0) 

Base Saturation Voltage Vac iret) Volts 
(le = 10 mA, I, = 1.0 mA) 0.70 0.74 0.80 


Collector Saturation Voltage Vce(set) Voits 
(Ile = 200 mA, |, = 20 mA) 0.40 0.70 
(le = 10 1, ,T, = —55°C to +125°C) (Note 3) 0.14 0.25 

DC Forward Current Transfer Ratio (Note 2) 

— 10 mA, Vee = 1.0 V) 
(Ie = 10 mA, Veg = 1.0 V,T, = —55°C) 
(Ie = 500 mA, Veg = 5.0 V) 

Output Capacitance 
(Vex = 10 V, I, = 0) | 

Small Signal Forward Current Transfer Ratio 
(Veg = 10 V, Ie = 20 mA, f = 100 mc) 

Charge Storage Time Constant (Note 4) 

(Ie = = ln = = le = = 20 mA) 
Turn-on Time (See Note 4) 

(le = 200 mA, |, = 40 mA, |,, = 20 mA) 
Turn-off Time (See Note 4) 

(le = 200 mA, I,, = 40 mA, |,, = 20 mA) 


NOTE 1. Rating refers to a high-current point where collector-emitter 
voltage is lowest. 


NOTE 2. Pulse Conditions: Length = 300 psec; duty cycle = 1%. 


NOTE 3. I,. = 1.0mA through 20 mA 
NOTE 4. Measured on Sampling Scope. PW = 200 nsec. 
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Motorola High-Frequency Transistors 


on915 age a 


f; = 400 Mc Typ 


NPN silicon annular transistor for high-frequency 


CASE 22 amplifier, oscillator and switching applications. 


(TO-18) 


MAXIMUM RATINGS 


a ee 
oe 
WO ceh a 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Junction Temperature, +200 °C 
Operating 
Storage Temperature Range T stg -65 to +300 
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Motorola High-Frequency Transistors 


2N915 (continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic 


Collector Cutoff Current 
I, = 0 Vop = 60V 


cee i Current @ 150°C 
= = 60V 


Collector to Emitter Sustaining Voltage 


Ia = 10mA I, = 0 


Emitter Breakdown Voltage 
= 0 I, = 100 uA 


Base Saturation Voltage 


V. 

L > BE(sat) 
c= 10mA Ip = 1,0mA 

Collector Saturation Voltage 


Vv 
= a CE(sat) 
cz 10mA I, = 1,0mA 
DC Pulse Current Gain 
c= 10mA Vor = 5.0V 


Output Capacitance 
E* 0 Vor = 10V 
Emitter Transition Capacitance 


c= 9 Vep = 0.5V 


High Frequency Current Gain f = 100mc 
Ig =10mA Vor = 15V 


Small Signal Current Gain f = lke 
In = 1,0mA Vor = 5. 0V 


=5.0mA V = 5. 0V 


Iq CE 


Input Resistance f = 


=1.0mA V 
5.0mA V 


CE 

CE ~ 

Output Conductance f 
= 1.0mA Vor 
= 5.0mA VcE 


*pw = 300 us 
duty cycle < 1% 
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Motorola High-Frequency Transistors 


Veco =25V 


hee = 50 
2n916 f, = 400 Mc Typ 


CASE 22 NPN silicon annular transistor for high-frequency 
(TO-18) . amplifier, oscillator and switching applications. 


MAXIMUM RATINGS 


Po haracteristic Symbol 
ee ee 
re ee 

eso | | 


Emitter-Base Voltage 
Total Device Dissipation D 
@ 25°C Case Temperature 1.2 W 
Derating Factor Above 25°C 6.9 mW/°C 
Total Device Dissipation 
@ 25°C Ambient Temperature Ww 
Derating Factor Above 25 C mW/°C 


ELECTRICAL CHARACTERISTICS 


Collector Cutoff Current I 
I, =0 Vv CB = 30V 
Collector Cutoff Current @150 C | teso | 
: I. =0 Vos = 30V 
Collector Breakdown Voltage 
In = 10uA Ip =0 


Collector to Emitter Sustaining Voltage 


Io = 30mA Ip =0 


Emitter Breakdown Voltage 
Io =0 In = 10 pA 
Base Saturation Voltage Vv 
I, =10mA I, =1.0mA BE(sat) 
B 
Collector Saturation Voltage (sat) Volts 
I.=10mA I, =1.0mA 
Cc B 
DC Pulse Current Gain Ln 
In =10mA Vor =1,0V . 
I, =0 Vos = 5.0V 
Emitter Transition Capacitance Cc 10 
1, = 0 Ven = 0.5V a 
C~ EB ° 
High Frequency Current Gain f = 100mc 
In = 10mA Vor = 15V 


Small Signal Current Gain f = lkc 


Io =1.0mA Vor =5.0V 


Io =5.0mA Vor = 5.0V 


Input Resistance f = lke 
In =1.0mA Vor =5.0V 


I, =5.0mA Vo 


Output Conductance f = 1 ke 
Io =1.0mA Vor =5,0V 


In =5,0mA Ver =5.0V 


*pw = 300us duty cycle <1% 


E* 5.0V 
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Motorola High-Frequency Transistors 


G, = 15 db @ 200 Mc 
an918 NF = 6 db @ 60 Mc max 
P, = 30 mW @ 500 Mc min 


CASE 22 NPN silicon annular transistor for ultra-high fre- 
(TO-18) quency oscillator and amplifier applications. 


MAXIMUM RATINGS 


Characteristic 


Collector- Base Voltage 30 


Collector-Emitter Voltage 15 
Emitter-Base Voltage . 3.0 


Total Dissipation at 25°C Case Temperature 0.3 
at 25°C Ambient Temperature 0.2 


— 


Operating Junction Temperature +200 


Storage Temperature -65 to +300 


Characteristic Test Conditions 


Collector Cutoff Current V B= 15 V, I, =0 


Collector-Base Breakdown Voltage 
Emitter-Base Breakdown Voltage 
Collector-Emitter Voltage 


DC Current Gain 


Collector-Emitter Saturation Voltage VoR(sat) lo = 10mA, Ip =1.0mA 


Base-Emitter Saturation Voltage VBE(sat) Io = 10 mA, 1,21.0mA 


Output Capacitance 


Input Capacitance 


Small Signal Current Gain 


Amplifier Power Gain 


Power Output 


Vop* 
{ = 500 mc 
Collector Efficiency Vep= 15 V 


{= 500 mc 
In = 8.0 mA 


Noise Figure = 1,0mA 


CE 8O0V 


f= 60mc 
= 400 2 


Motorola High-Frequency Transistors 


2n929 Veco =45V 
on930 NF = 3-4 db @ 10 cps to 15.7 Ke1 


ce 


NPN silicon annular transistors for low-level, low- 
noise amplifier applications. see 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic 
Collector-Emitter Voltage 


Emitter- Base Voltage 
Collector Current 


Total Device Dissipation 
@T es 25°C 


Derating Factor above 25°C 


Total Device Dissipation 
@ To = 25°C 


Derating Factor above 25°C 


Junction Temperature, Op. 
Storage Temperature Range 
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Motorola High-Frequency Transistors 
2N929, 2N930 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic symbol | 
Collector-Emitter Breakdown Voltage* oo 


BV 
* mi 
hee 


B 


Emitter- Base Breakdown Voltage 
I, = 10 nA, I, =0 


Collector- Base Cutoff Current 
Vop = 45V, I, =0 


Collector-Emitter Cutoff Current 
=45V,V = 0 


EB 
n= 45V, Vepn= 0, 


Ty = 170°C 


Collector-Emitter Cutoff Current 
Vor =5V, I, =0 


HA 
uA 
uA 
uA 


.010 
10 
.010 


Emitter- Base Cutoff Current 
VeB =5V, In =0 


DC Forward Current Transfer Ratio 
I= 10 pA; V =5V 2N929 
Cc CE 2N930 

= -§5°C 2N929 
2N930 


I 


= 10 pA, Vop=5V, Ty 


120 
300 
350 
600 


ia ae | 


Collector-Emitter Saturation Voltage* 
In = 10 mA, I, = .5 mA 


VioK(sat) 


Base-Emitter Voltage* 
In = 10 mA, I3= -o mA 


Output Capacitance 
Vop= 5, I= 0, f=1me 


High-Frequency Current Gain 
I, = 500 pA, Vor= 5V, f= 30 me 


Small-Signal Current Gain 
I1,=1.0 mA, V,,=5V, f=1ke 2N929 
c a a 2N930 


60 350 
150 600 
had a 
Gall 


Input Resistance 


I= 1.0 mA, V 5V, f=1ke 


CB 


Output Conductance 


I, = 1.0 mA, Vopz5V, f=l1kc 


Voltage Feedback Ratio 
In = 1.0 mA, Vop= 5V, f=1ke 


Noise Figure 
Ic = 10 pA, Vor = 5 V, f= 10 cps to 


15.7 ke, R= 10K2 2N929 
2N930 


im 
ae 
et 


*Pulse Conditions: Width < 300 psec 
Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2n956 


For Specifications, See 2N718A Data Sheet 


2n960 


2n961 Vee = 12-15 V 
on962 lc = 100mA 
2N965 

2N966 W PNP germanium epitaxial mesa transistors for high- 


speed switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


2N960 2N961 2N962 


2N964 2N965 2Ng6G6 Unit 


Characteristic Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Junction Temperature 
Storage Temperature —65 to +100 
Total Device Dissipation at 25°C Case 
____ Temperature (derate 4mW/°C above 25°C) 300 
Total Device Dissipation at 25°C Ambient 
Temperature (derate 2 mW/°C above 25°C) 150 


NORMALIZED DC CURRENT TRANSFER RATIO CURRENT GAIN-BANDWIDTH PRODUCT (f-) 
versus COLLECTOR CURRENT versus COLLECTOR CURRENT 


500 


fice, NORMALIZED D C CURRENT TRANSFER RATIO 


fr, CURRENT GAIN-BANDWIOTH PRODUCT (MEGACYCLES) 

8 
= 
as 
Pal 
a 
anil 
Zz 


Ie, COLLECTOR CURRENT ee lc, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N960 SERIES (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise specified) 


Characteristic 


Coltector-Base Breakdown Voltage 
(le = —100 pAde, I, = 0) 2NS60, 2N964 
2NS61, 2N962, 2NS65, 2N966 
Collector-Latch-up Voitage 
Vee = — 11.5 Vde (Figure 1) All Types 
Emitter-Base Breakdown Voltage 
(lp = —100 pAdc, I- = 0) 2N960, 2NS64 
2NS961, 2NS65 
2N962, 2N966 
Collector-Emitter Cutoff Current 
(Veg = —15 Vee) 2N960, 2N964 
(Veg = —12 Vdc) 2NS61, 2N962, 2N965, 2NS66 
Collector-Base Cutoff Current 
(Veg = —6 Vdc, I, = 0) All Types 
OC Forward Current Transfer Ratio 
(le = —10 mAdc, Veg = —0.3 Vdc) 2N960, 2N961, 2NS62 
2N964, 2NS65, 2N966 
(le = —50 mAde, Veg = —1 Vde) 2N960, 2N961, 2N962 
2N964, 2N965, 2N966 
(le = —100 mAde, Veg = ~1 Ve) 2N960, 2N961, 2N962 
2N964, 2N965, 2NS66 
Colfector-Emitter Saturation Voltage 
(tg = —10 mA, |, = —1 mA) 2N964, 2N965, 2N966 
2N960, 2N961, 2N962 
(le = —50 mA, |, = —5 mA) 2N964, 2N965, 2N966 
2N960, 2N961, 2NS62 
(le = —100 mA, 1, = —10 mA) 2N964, 2N965, 2N966 
2NS60, 2N961, 2NS62 
Base-Emitter Voltage 
(le = —10 mA, |, = —1 mA) All Types 
(le = —50 mA, |, = —5 mA) All Types 
(le = —100 mA, |, = —10 mA) 2NS60, 2N961, 2N964, 2NS65 
2NS62, 2N966 


Vecetsat) 


Current Gain-Bandwidth Product 


(Ie = —20 mAdc, Voy = —1.0 Vdc) _ All Types 
Collector Output Capacitance 
(Veg = —10 Vdc, | = 0, f= 1 mc) _All Types 
Emitter Transition Capacitance 
(Veg = 1 Vdc) All Types 
Turn-on Time — All Types 
(le = —10 mAdc, |,, = —1 mAdc, V,,(0) = +-1.25 Vdc) (Fig. 2) 
(le = —100 mAdc, |,, = —5 mAdc, V,,(0) = +1.25 Vdc) (Fig. 3) 
Turn-off Time 
(le = —10 mA, Is, = —1 mAdc, tg: = 0.25 mAdc) (Fig. 2) 
2N960, 2N961, 2NS64, 2N965 
2N962, 2N966 
(Ie = —100 mAdc, |, = —5 mAdc, I,, = 1.25 mAde) (Fig. 3) 
2N960, 2N961, 2N964, 2NS65 
2N962, 2NS66 
Rise Time Constant (Figure 4) All Types 
Hole Storage Factor (Figure 6) All Types 
Fall Time Constant (Figure 5) All Types 
Total Control Charge 
‘(le = —10 mAde, |, = —1 mAde) 
(Figure 7) 2NS60, 2NS61, 2NS64, 2N965 


2N962, 2N966 
(Ie = — 100 mAdc, !, = —5 mAdc) 


(Figure 8) 2N960, 2NS61. 2N964, 2N965 
2N962, 2NS66 


STORAGE TIME versus CIRCUIT CURRENT RATIO 


pico-coulombs 


g 
= [— 2ns6e, 2N965, 20966 ae 
4 == — 2N960, 2N961, 2N962 
= 
g COLLECTOR-EMITTER 3 | & b=10 se 
z SATURATION VOLTAGE 3 
o | versus 5 
= AMBIENT TEMPERATURE © 
= 3 
re Po 
2 = 
3 s 
[= 4 
& 5 
e 5 
« a 
as ra] 
[ & ) 
3 
o —75 —50 —25 0 +25 --50 +75 +100 
le/le,, CIRCUIT CURRENT RATIO T,. AMBIENT TEMPERATURE (°C) 
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Vees =12V 
2n963 lc = 100 mA 
2N967 f. = 300 Mc 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic 


100 
Storage Temperature —65 to +100 


Device Dissipation @ 25°C Case Temperature 
(Derate 4 mW/°C above 25°C) 


Device Dissipation @ 25°C Ambient 
(Derate 2 mW/°C) 


NORMALIZED DC CURRENT TRANSFER RATIO CURRENT GAIN-BANDWIDTH PRODUCT (f-) 
versus COLLECTOR CURRENT versus COLLECTOR CURRENT 


TT TTA AY 
Cc Coa 


SE AV 
a A 
es 
2 ee es 


Ie, COLLECTOR CURRENT (mAdc) 


h:;, NORMALIZED D C CURRENT TRANSFER RATIO 


- 
N 
o 
_ 
i=) 
nN 
t=) 
wo 
So 


Ic, COLLECTOR CURRENT (mAdc) 


Peg eae’ aM VOLTAGE versus TEMPERATURE CHARACTERISTICS 


. Veg — BASE-EMITTER VOLTAGE 


= Veeraty — COLLECTOR-EMITTER 
SATURATION VOLTAGE 


VOLTAGE 


1 Z 
01 02 0304 0.6,081.0 2. 3 4 56 sa 
[>] 


Vee trot) COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 
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2N963, 2N967 (continued) 
ELECTRICAL CHARACTERISTICS _ (At 25°C unless otherwise specified) 


Characteristic | Symbol _| 
Collector-Base Breakdown Voltage 
Collector-Latch-up Voltage 


[Minimum _| 
lc = — 100 pAdc, |; = 0 | ae Vdc 
Emitter-Base Breakdown Voltage BV eso | 
lp = — 100 pAdc, Ie = 0 
eu 
Vee = —12 Vdc, Veg = 0 
iad 
Ves = —6 Vdc, I; =—0 
bees 
Ves =—-—§ Vdc, le = 0 
Collector Cutoff Curre 


Voce = —10 Vdc, Veg = +0.3 Vdc, T, = 55°C 
Base Cutoff Current 

Vee = —10 Vdc, Vor = +0.3 Vdc, Ta = §5°C 
DC Forward Current Transfer Ratio 

le = —10 mAdc, Vee = —0.3 Vde 2N963 

2N967 

Collector Saturation Voltage Vcetset) 

le = —10 mAdc, ls = —1 mAdc 


Base-Emitter Voltage Vag 
le = —10 mAdc, |, = —1 mAdc 

Current Gain-Bandwidth Product fr 
Vee = —1 Vde, le = —20 mAdc, f = 100 mc 

Collector Output Capacitance 
Veg = —5 Vdc, |; = 0,f = 1 me 

Input Capacitance 
Veg = —1 vde, Ile = 0, f = 100 kc 


: < 


pAdc 


_— 
© 
a 


Vdc 


Turn-on Time 
le = —10 mAdc, les =—-]1 mAdc, Vee(o) = +1.25 Vde 
urn-off Time 


lc = —10 mAdc, I,, = —1 mAdc, |p. = +1.25 mAdc 


Total Control! Charge 
lc = —10 mAdc, |; = —1 mAdc 


pico-coulombs 


COLLECTOR LATCH-UP VOLTAGE TEST CIRCUIT 10-mA (Ic) SWITCHING TIME TEST CIRCUIT TYPE R SAMPLING 
TEKTRONIX 541 RESISTOR 
OR EQUIVALENT 2802 202 —3.1 Vdc 
+0.3 Vde 50092 INPUT SIGNAL 
0+-— NOTE: 
op 4900) +1.25 Vee 1, = —10 made 
oe =! mAde 
—2.5 Vde : | 2001 lea = +0.25 mAde 
= PULSE VOLTS Veg (0) = 41-25 Vdc 
Vec = — 10 Vde 5.4 Vée INTERNAL RESISTANCE space il 
TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 
BASE AND COLLECTOR CUTOFF CURRENT TEST CIRCUIT 10-mA (Ic) TOTAL CONTROL CHARGE TEST CIRCUIT 
—10Vdc ¥ 


*Adjust Vp, for —5.4 volt pulse at point A 
24 pf 


—3.1 Vde 


"Vea 1000 Ae 
5K 


le = —10 mAde 
100 1, = —1 mAde +0.3Vde 
2 a —0.18Vdc © 
—5.4Vdo ae ok = 10% \~%% 
atpointa 4. t 
i ie Centar 9 
20 my 
10 nsec = ax 
MAX 
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2n964 For Specifications, See 2N960 Data Sheet 


Veto =7V 


2n964A 7 Ic = 100 mA 


f; = 460 Mc Typ 


PNP. germanium epitaxial mesa transistor for high- 


CASE 22 speed switching applications. 
(TO-18) 


MAXIMUM RATINGS 


- Characteristic 


Collector-Base Voltage 15 
Collector-Emitter Voltage 15 


Emitter-Base Voltage 2.5 
Collector Current 100 
Junction Temperature 100 


Storage Temperature —65 to +100 
Total Device Dissipation at 25°C 
Case Temperature 
(Derate 4mW/°C above 25°C) 
Tota! Device Dissipation at 25°C Ambient 
Temperature (Derate 2 mW/°C above 25°C) 


es 
ia NE 


hy, MINIMUM CURRENT GAIN 
3S 


2: 5 10 20 
NOTE: Limit Curves are based on periodic engineering evaluation. Ic, COLLECTOR CURRENT (mAdc) 
TOTAL CONTROL CHARGE 


100-mA (Ic) SWITCHING TIME TEST CIRCUIT 


g INPUT SIGNAL 
9 
g 41.25 Vde 
= 5 482 ¢€Q —5.2Vde 
Oo 
2 TYPE R SAMPLING 
3 ONCE | RESISTOR 
o 
z NOTE: 
5 1, = —100 mAdc 
= le, = —5 mAdc 
2 ly = +1.25 mAdc 
PULSE VOLTS a" 

3 | Vou = +1.25 Vde 
= INTERNAL RESISTAMUE } 108 = TE ZO ae ape 

= PLUG-IN 

TEKTRONIX TYPE 581 SCOPE 
OR EQUIVALENT 


0.2 05 0.7 1.0 . 2.0 5.0 7.0 10 
1,, BASE CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N964A (continued) 
FOR ADDITIONAL CURVES, SEE 2N960 DATA SHEET 


ELECTRICAL CHARACTERISTICS 
(Registered with EIA as the 2N964A) (at 25°C unless otherwise noted ‘ 


Characteristic 


OFF CHARACTERISTICS 


Collector-Base Breakdown Voltage 
(le = —100 pAdc, I, = 0) 
Collector-Emitter Breakdown Voltage 
(le = 10 mAdc, |, = 0) 
Collector Latch-up Voltage 
Emitter-Base Breakdown Voltage 
(le = 100 ,Adc, I_ = 0) 
Collector-Emitter Cutoff Current 
(Veg = —15 Vdc, Ves = 0) 
Collector Cutoff Current 
(Ves = -6 Vde, le = 0) 
Base Leakage Current 
(Veg = — 6 Vde, Vos = +0.5 Vde) 
(Vee = — 6 Vdc, Vog = +0.5 Vde, T; = 85°C) 


ON CHARACTERISTICS | 
Forward Current Transfer Ratio 
(Ie = —10 mAdc, Vee — —0.3 Vdc) : 
(I¢ = —10 mAdc, Vee = —0.3 Vdc, j = —55°C) 
(le = —50 mAdc, Veg = —1 Vdc) 
(le = —100 mAdc, Veg = —1 Vdc) 
(le = —100 mAdc, Veg = —1 Vdc, T, = 85°C) 
Collector Saturation Voltage : Vecetset) 
(le = —10 mAdc, |, = —1 mAdc) 


(le = —50 mAdc, |, = —5 mAdc) 

(Ile = —100 mAdc, |, = —10 mAdc) 
Base-Emitter. Voltage 

(Ie = —10 mAdc, |, = —1 mAdc) 

(le = —50 mAdc, !, = —5 mAdc) 

(le = —100 mAdc, |, = —10 mAdc) 


TRANSIENT CHARACTERISTICS 
Output Capacitance 
(Veg = —1 Vdc, I, = 0, f = 1 me) 
(Ve, = —10 Vde, |, = 0, f = 1 me) 
Input Capacitance 
(Veg = 1 Vdc, Ie = 0, f = 100 kc) 
Small Signal Forward Current Transfer Ratio 
(le = —20 mAdc, Veg = —1 Vee, f = 100 mc) 
Current-Gain — Bandwidth Product 
(le = —20 mAdc, Ves =-l Vdc) 
Delay Time Plus Rise Time 
(le =— 10 mA) 
(le =— 100 mA) 
Storage Time Plus Fall Time 
(le = — 10 mA) 
(tle = — 100 mA) 
Total Control Charge pico- 
(lc = — 10 mA, |, =— 1 mA) coulombs 
Active Region Time Constant “nsec 
(Ie =— 10 mA) 
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2n965 


2n966 For Specifications, See 2N960 Data Sheet 
on96/7 For Specifications, See 2N963 Data Sheet 
Vers =7-15V 
2n968 thru we 2NGT 5 lc = 100 mA 
f; = 320M 
CASE 22 | abies 
(TO-18) PNP germanium mesa transistors for high-speed 


switching applications. 


MAXIMUM RATINGS 


eer preerer 2N968 2N969 2N970 2N971 
aracteristic ympo! —_- 2N972.«s«2N973.«-2N974—s- 2N975 Unit 


Collector — Base Voltage : 15 12 12 
Collector — Emitter Voltage 15 12 12 
Emitter — Base Voltage | 2.5 2.0 1.25 
Junction Temperature +100 
Storage Temperature Range —65 to +100 
Total Device Dissipation @ Tj = 25°C 


(Derate 4mW/°C above 25°C) 300 
Total Device Dissipation @ T, = 25°C 
(Derate 2mW/°C above 25°C) 


CURRENT GAIN-BANDWIDTH PRODUCT (f-) 
versus COLLECTOR CURRENT 


NORMALIZED D.C. CURRENT GAIN 


fr, GAIN BANDWIDTH PRODUCT ( MEGACYCLES) 


‘ol 02 O510 20 #5 10 £420 ~°&50 100 
Ic, COLLECTOR CURRENT (mAdc) Ic, COLIECTOR CURRENT (mAdc) 


COLLECTOR SATURATION VOLTAGE versus AMBIENT TEMPERATURE STORAGE TIME versus CIRCUIT CURRENT RATIO 


0.3 
| 
a Ta = 95°C 


le = 4 le 
R, = 1009? 


t,, STORAGE TIME (NANOSECONDS) 


Veg(sat), COLLECTOR SATURATION VOLTAGE (VOLTS) 


rs 
--75 --50 Et 0 +25 +50 +75 +100 


T,, AMBIENT TEMPERATURE (°C) kel Sug CIRCUIT CURRENT RATIO 
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Motorola High-Frequency Transistors 


2N968 thru 2N975 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise note 


| haracterstic | Symbol [minimum typicat | Maximum [unit 


Collector Base Breakdown Voltage 2N968, 2N972 a Vde 


(lc = —100 pAdc, Ip = 0) 2N969, 2N970, 
2N973, 2N974 
2N971, 2N975 


Emitter Base Breakdown Voltage 
(le = 100 pAdc, Ie = 0) 2N968, 2N972 
2N969, 2N973 

2N970, 2N974 

2N971, 2N975 


Collector-Emitter Cutoff Current 


(Vee = 0) 2N968, 2N972 
(Vee = —15 Vdc) 2N969, 2N970, 
(Voge = —12 Vdc) 2N973, 2N974 


(Vee = —7 Vdc) 2N971, 2N975 


Collector-Base Cutoff Current 
(Vc,s = —6 Vdc, |e = 0) 2N968, 2N969, 2N970, 2N972, 
2N973, 2N974 2N971, 2N975 


DC Forward Current Transfer Ratio 2N968, 2N969, 2N970, 
(l¢ = —10 mAdc, Veg = —0.5 Vdc) 2N971 2N972, 2N973, 
2N974, 2N975 


(Ile = —25-mAdc, Vee = —0.7 Vdc) 2N968, 2N969, 2N970, 
2N971 2N972, 2N973, 2N974, 2N975 


Collector-Emitter Saturation Voltage 
(Il¢ = —10 mAdc,1, = —1 mAdc) All Types 
—25 mAdc, |, = —1.5 mAdc) All Types 


Base-Emitter Voltage 2N968, 2N969, 2N972, 
2N974, 2N975 
(le = —25 mAdc, |, = —1.5 mAdc) 2N968, 2N969, 2N972, 
9N973 2N970, 2N971, 2N974, 2N975 


Current Gain-Bandwidth Product 
(le = —10 mAdc, Veg = —1 Vdc) All Types 


Vac (sot) 


Collector Output Capacitance 
(Veg = —10 Vdc, f = 1 mc, Ie = 0) All Types 


Emitter Transition Capacitance 
(Veg = 1 Vde, Ie = 0) All Types 


Turn-on Time 


2N968, 2N969, 2N972, 


(le = —10 mAdc, Ip, = —1 mA) = 9N973 ; 
Vee (0) = +1.25 Vde 2N970, 2N97], 2N974, 
2N975 


Turn-off Time 
(Ie = —10 mAdc, |,, = —1 mAdc) 
I52 = 0.25 mAdc 2N968, 2N969 

2N972, 2N973 
2N970, 2N971, 2N974, 2N975 


-—- 


Total Control Charge 
(Ic = —10 mAdc, I, = 1 mA) 2N96R, 2N969, 2N972, 2N9/3 
2N970, 2N971, 2N974, 2N975 
(Figure 4) 
(Ile = —25 mAdc, |, = —1.5 mA) 
2N968, 2N969, 2N972, 2N973 
2N970, 2N971, 2N974, 2N975 
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: Vero =7V 
lc = 200 mA 
2n985 ) f; = 300 Mc 


@ PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic Symbol Ratings 
Collector-Base Voltage VcRo +) 
0 


[cocoreaervone [vero | | = 
[sniersaevone | eno [= 
= 
= 


(Tag | -estor100 
mW 
mw/°C 


Device Dissipation 
@To =25°C 
Derating factor above 25°C 


Device Dissipation 
@ T A = 25°C 
Derating factor above 25°C 


-1 
-7 
10 
150 mW 
2 mw/°C 


SWITCHING TIME TEST CIRCUIT 


Voc = —10.3V 


1002 


Vour 
OSCILLOSCOPE RISE TIME = 1 nsec 


{ 
I 
| 
1 TOTAL COLLECTOR SHUNT 
o7T7~ © CAPACITANCE = 6 pf 


+1.25V Vin 
0 = == enjies ae 
1KQ 
—5.5V 


INPUT PULSE 
t, <= 1 nsec 
t, = 1 nsec 

PW == 200 nsec — = 
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2N985 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage ae ee Vde 
(Ic = -100 pAdc, Ig = 0) 

Collector-Emitter Breakdown Voltage ee ae ee oe Vde 
(Ic = -5 mAdc, Ip = 0) -7 

Collector-Emitter Breakdown Voltage ee Nae ae Vdc 
(Ig = -100 wAde, Rp, = 0) 

Emitter-Base Breakdown Voltage rere ee Vde 
(Ip = -100 wAde, Ip = 0) 


Collector Cutoff Current Icpo 
(VoB = -§ Vdc, Ig = Q) 


Emitter Cutoff Current 
(Vep = -3 Vde, Ic = 0) 


DC Current Gain 
(Ic = -10 mAdec, Veg = -0.25 Vde) 


(Ic = -100 mAd¢, Vog = -0.5 Vdc) 


Collector Saturation Voltage 
(Ig = -10 mAdc, Ip = -0.5 mAdc) 


(Ig = -100 mAde, Ip = -5 mAdc) 


Base-Emitter Voltage 
(lg = -10 mAdc, Ip = 0.5 mAdc) 


(Ig = -100 mAde, Ip = -5 mAde) 


Smali Signal Current Gain 
(Voge =-2 Vdc, I, = -30 mAdc, f = 100 mc) 
Collector Output Capacitance Cob 

(Vop = -5 Vde, Ip = 0, f = 1 me) 


Turn-on Time 
(Ie ol -10 mAdc, Ip) = -5 mAdc, VBE(0) = +1.25 Vdc) 


Turn-off Time 
(I¢ = -10 mAdc, Ij; = -5 mAdc, Ip = +1.25 mA) 


2n995 


For Specifications, See 2N869 Data Sheet 
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on | 131 Voro = 20-35 V 
2N1991 Ic = 600 mA 
f;= 120 Mc Typ 


PNP silicon annular transistors for medium-current- 
switching applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Collector-Base Voltage 
2N1131 
2N1991 


Collector-Emitter Voltage 
2N1131 
2N1991 


Emitter-Base Voltage 
2N1131, 2N1991 


Collector-Emitter Voltage 
(Rye = 10 Q ) 


2N1131 


Collector Current 
2N1131 


Total Device Dissipation 
@ 25°C Case Temperature Both Types 
Derating Factor Above 25°C 2N1131 
2N1991 


Total Device Dissipation 
@ 25°C Ambient Temperature Both Types 
Derating Factor Above 25°C 2N1131 
2N1991 


Junction Temperature 
2N1131 
2N1991 


Storage Temperature Range 
2N1131 -65 to +300 
2N1991 -65 to +150 
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Motorola High-Frequency Transistors 
2N1131, 2N1991 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Coliector-Base Breakdown Voltage BVcRO Vde 
(Ic = 100 wAde, Ig = 0) 2N1131 
(le = 1.0mA, Ip =0) | 2N1991 
Collector-Emitter Breakdown Voltage BVoEro Vdc 
(Ig = 100 mAdc puise, Ip = 0) 2N1131 
2N1991 
Collector-Emitter Breakdown Voltage _ BVorr Vdc 
(Ic = 100 mAdc pulsed, Rye = 102) 


Collector Cutoff Current logo p Adc 
(Vop = 30 Vde, Ip = 0) 2N1131 1 
(Vop = 30 Vde, Ip = 0,T, = 150°C) 2N1131 100 
(Vop = 50 Vde, Ip = 0) 2N1131 100 
(Veg = 10 Vde, Ip = 0) 2N1991 5 
(Vep = 10 Vdc, Ip = 0,T, = 150°C) 2N1991 200 
Emitter Cutoff Current 
(Veg = 2 Vde, I, = 0) 2N1131 100 
(Veg = 1 Vde, Ig = 0) 2N1991 200 
DC Forward Current Transfer Ratio 
(lc = 5 mAdc, Vcg = 10 Vdc) 2N1131 — 
(Ic = 30 mAdc, Vcg = 10 Vdc) 2N1991 = 
(Ic = 150 mAde, Veg = 10 Vdc) 2N1131 60 
2N1991 45 
Collector-Emitter Saturation Voltage Vee (sat) Vdc 
(Ic = 150 mAdc, Ip = 15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 


— 

on 
< 
2 
rr) 


V 
2N1131 BE ea 
2N1991 : 
Output Capacitance 
(Vop = 10 Vde, Ip = 0, f = 100 ke) 


Input Capacitance 
(Veg = 0.5 Vde, Ic = 0, f = 100 ke) ; 
2N1131 
2N1991 
psu 


AC Current Gain — 
(Ic = 50 mAdc, VCE = 10 Vdc, f = 20 mc) 


‘Small-Signal Forward Current Transfer Ratio 
(Ic = 1 mAde, Vog = 5 Vde, f = 1 ke) 
(Ic = 5 mAdec, Vcg = 10 Vde, f = 1 ke) 


Small Signal Input Resistance 
(Ic = 1 mAdc, Vop = 5 Vde,f = 1 ke) 
(Ic = 5 mAdc, Vop = 10 Vdc, f = 1 ke) 


Small Signal Output Admittance 
(ig = 1 mAdc, Vcgp = 5 Vdc, f = 1 ke) 
(Ic = 5 mAdc, Veg = 10 Vde, f = 1 ke) 


c 
@ 


Small Signal Voltage Feedback Ratio 
(Ic = 1 mAdc, Veg = 5 Vde,f =1 ke) 
(Ie = 


5 mAdc, Vog = 10 Vde, f = 1 ke) 
Pulse Test: Pulse width = 300 psec, Duty Cycle = 2% 


- 
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Motorola High-Frequency Transistors 


2n1132,A,B 


For Specifications, See 2N722 Data Sheet 


G, = 25 db @ 70 Mc 
onl 141 thru 2N1143 NF = 4-5 db @ 100 Mc 
2n1195 — 


CASE 31 PNP germanium mesa transistors for amplifier, 
(TO-5) driver, oscillator and doubler applications. 


MAXIMUM RATINGS 
Characteristic Symbol 2N1141 2N1142 2N1143 2N1195 Unit 


Collector-Base Voltage 


Emitter-Base Voltage 


Collector Current (Continuous) 


Emitter Current (Continuous) 


Base Current 


Junction Temperature +100 


——_- EES io 


Storage Temperature Range —65 to +100 


Total Device Dissipation at 25°C Case 
Temperature (10 mW/ °C) 
Total Device Dissipation at 25°C Ambient 
Temperature (Derate 4 mW/°C above 25°C) 
Collector Dissipation at 25°C Ambient 
Temperature (Derate 3 mW/°C above 25°C) 


TRANSISTOR SELECTION CHART 


Typical 100me Noise Figure Minimum h,. 
Minimum BY cs @ V., = —10Vde, |, — ImAde @ |, = —10mAde, Ve, = 
@I|. = —100u Ade, |, —0 R, = 752 —10Vde, f — 100me 


35Vde 30Vde —-25Vdc | 4.0db 45db 50db | 12dd 10db 8¢b 


2N1141 


2N1142 


—ee ee ——————— SS > ——ee gS." =_=a=az=au 


2N1143 


2N1195 
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Motorola High-Frequency Transistors 


2N1141-2N1143, 2N1195 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C case temperature unless otherwise specified ) 


Characteristic Symbol Minimum Typical Maximum Unit 
Collector-Base Breakdown Voltage BV cto Vdc 
(le = —100pAdc, |, = 0) 2n1141 35 45 = 
2N1142 30 45 os 
2N1143 5 45 - 
s 2N1195 30 45 - 
Emitter-Base Breakdown Voltage BV uno Vdc 
(l= 10042 A, |e = 0) 2N1i4l 10° 13 - 
; 2N1142 0.7 13 - 
2N1143 05 13 - 
a a ne ae ee DR ye ee; ee ee 
Collector-Base Cutcff Current lero Adc 
(Ves = —15 Vee, |, = 0) 2N1141, 2N1142, 2N1143 = 0.5 5 
= —20Vde, |, = —__ N95 _———— es << — 05 et eee ee 
Emitter-Base Cutoff Current leo uAdc 
= —0,5Vde, |. = All Types a 0.2 = 
DC Forward Current Transfer Ratio Vee 
(Veg = 10 Vde, |e = —10 mAde) 2N1141, 2N1142, 2N1143 10 25 - = 
ee, ee es se, 
Collector Saturation Voltage Vecetaen Vde 


(i, = —50 mAdc, |, = —10mAde} 


2N1141, 2N1142, 2N1143 0.185 
2N1195 . 


Small Signal Forward Current Transfer Ratio h, db 
Ves = —10 Vide, le = —10 mAdc, f = 100 me) 2N1141 


Small Signal Forward Current Transfer Ratio he a 
(Veo = —10 Vde, 1, = —10 mAde, f = 1 ke) 2N1141, 2N1142, 2N1143 
—___ 2095 


Smail Signal Input Impedance he Ohms 
(Ves = —10 Vee, |. = —10 mAdc, f = 1 ke) 2N1141, 2N1142, 2N1143 - 3.6 - 
2N1195 = 3.6 10 
Output Admittance he xmhos 


Wes = 10 Vide, |. = —10 mAdc, f = | ke) 


2N1141, 2N1142, 2N1143 
2N1195 


Voltage Feedback Ratio fe _ 


Veg = —10 Vee, le = —10 mAde, f = 1 ke) 2N1141, 2N1142, 2N1143 = 0.0013 _ 
2N1195 = 0.0013 0.003 
Small Signal Current Gain Cutoff Frequency fa, me 
(Ves = —10Vde, i. = —10 mAdc) All Types = 1000 - 
Base Resistance t’ 


Vea = —10 Vic, |, = —10 mAdc, f = 250 me) 


Collector Transition Capacitance Ce 
Ves = —10 Vie, |, = 0, f = 1 mc) 2N1141 


Emitter Transition Capacitance Cr pf 


(Ves == 0.5 Ve, Ie = 0, f = 1 me) All Types = 2.5 - 
Collector-Base Time Constant nC, psec 
Veg = —10 Vee, |, = 3 mAdc, f = 30 mc) All Types = 23 - 
Noise Figure NF db 
Ves = —§ Vdc, I, = —8 mAdc, 
f= 4.5 me, R, = 300n) 2N1141 = 3.0 - 
2N1142 a 35 - 
ratte z 30 : 
Ve = —10Vde, iF = 1 mAdc, 
f = 100 me, R, = 752) 2N1141 - 40 - 
2N1142 _ 45 _ 
2N1143 - 5.0 = 
2N1195 = 45 _ 
Veg = —10 Vee, |, = 1 mAdc, 
f = 200 me, R, = 50n) 2N1141 _ 5.5 - 
2N1142 - 6.0 - 
2N1143 - 6.5 - 
2N1195 - 6.0 - 
Osciflator Efficiency b) 
(Ves = —20 Vee, le = —10 mAde, f = 400 me) 2N1141 20 


Collecter Series Resistence 
(Veo = —10 Wee, |, = 10 mAdc) 


ee 8 
ee ee 
= a AY 7 
- Nt e- 
= 20 Bee ep > 4 5 
: tit : 
Eu ToT NN i3 
LoL THn | TTT 
| 2 5 10 20 50 10> 20 500 =: 1000 


FREQUENCY (MC) 
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Motorola High-Frequency Transistors 


2n1204, A 


2N1494,A 

2N1495 Vero = 12-25 V 
2N1496 Ic = 500 mA 
2N2096 f; = 200-Mc Typ 
2N2097 

2N2099 PNP germanium epitaxial mesa transistors for high - 
2N2100 NN speed, high-current switching in line and core driver 


applications. 


CASE 31 CASE 25 
(TO-5) (TO-31) 
2N1204,A 2N1494,A 
2N1495 2N1496 
2N2099 2N2096 
2N2100 2N2097 


MAXIMUM RATINGS 


| Characteristics | Symbol_| Maximum | Unit | 


“i s ” Al 


2N1204, 2N1204A, 2N1494, 2N1494A 
CEO 


2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 


Collector-Emitter Voltage 


2N2096, 2N2099 

2N1204, 2N1204A, 2N1494A 
2N2097, 2N2100 
2N1495, 2N1496 


Collector-Emitter Voltage 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N2096, 2N2099 
2N1495, 2N1496, 2N2097, 2N2100 


Total Device Dissipation @ To = 25°C 


All Types 
derating factor above 25°C 


Total Device Dissipation @ T A 


TO-5 Case 
2N1204, 2N1204A, 2N1495, 2N2099, 2N2100 
derating factor above 25°C 

TO-31 Case 
2N1494, 2N1494A, 2N1496, 2N2096, 2N2097 
derating factor above 25°C 6. 67 


Operating Junction Range T ‘ ; 
Storage Temperature Range ee 65 to +100 Cc 
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Motorola High-Frequency Transistors 


2N1204,A SERIES (continued) 


ELECTR ICAL CHARACTER | STI CS (At 25°C ambient unless otherwise noted) 


Characteristics 


Collector-Base Breakdown Voltage 

(Ip = 100 wAdc, I, = 0) 2N1204, 2N12Q4A, 2N1494, 2N1494A 
2N2066, 2N2095 

2N1496, 2N2097, 2N2100 


2N1495, 


Collector-Emitter Breakdown Voltage 

I, = 100 pAdc, Ves = 0) 2N1204, 2N1204A, 2N1494, 2N1494A 
2N2086, 2N2099 

2N1465, 2N1496, 2N2097, 2N2100 


Collector-Emitter Breakdown Voltage 


(lg = 2 mAde, I, = 0) 2N1204, 2N1204A, 2N1494. 2N1494A 
(Ig #10 mAdc, I, = 0) 2N2086, 2N2099 

2N2097, 2N2100 

2N1495, 2N1496 


Emitter-Base Breakdown Voltage 
(lp = 1 mAdc. Io = 0) 2N1204, 2N1204A, 2N1494 thru 2N1486, 2N1494A 


(lp = 10 mAdc, I, = 0) 2N2086, 2N2097, 2N2099, 2N2100 


Collector Cutoff Current 
(Vo a 5 Vde, Ip = 0) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 


Von 2 12 Vdc, Ip 0) 2N2096, 2N2099 
(Von 2 15 Vdc, Ip = 0) 2N2097, 2N2100 


Emitter Cutoff Current 
20.5 Vdc, Io 2 0) 2N1484 thru 2N1496, 2N1494A 


2 1 Vde, IoF 0) 2N2098, 2N2097, 2N2099, 2N2100 


DC Current Gain 
(Ig = 200 mAdc, Vor = 0.5 Vdc) 2N1204A, 2N1494A, 2N1495, 2N1496 


(Ig = 200 mAdc, Vor = 1 Vdc) 2N2097, 2N2100 


(I, = 400 mAdc, V,,, = 1.5 Vde)* 2N1204, 2N1494, 2N2086, 282099 
2N2007, 2N21C0 


Collector-Emitter Saturation Voltage 


(Ig = §0 mAdc, I, = 2.5 mAdc) 2N2097, 2N2100 

(I, = 200 mAdc, ‘Ip = 10 mAdc) 2N1204, 2N1204A, 2N1484, 2N1494A 
2N2097, 2N2100 
2N2096, 2N2098 

Ul = 200 mAdc, Ip = 20 mAdc) 2N1495, 2N1486 


(I, = 400 mAdc, Ip = 25 mAdc)** 2N1204A, 2N1494A, 2N1495, 2N1486 


Base-Emitter Saturation Voltage 
(lp = §0 mAdc, Ig = 2.5 mAde) 2N2097, 2N2100 


(Ig = 200 mAdc, I, = 10 mAdc) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
2N2097, 2N2100 
2N2086, 2N2099 


Collector Output Capacitance 
(Vop = 10 Vdc, Ip =0, f = 4 mc) 2N1204, 2N1204A, 2N1494 thru 2N1496, 2N1494A 
2N2096, 2N2097, 2N2099, 2N2100 
Input Capacitance 
(Von = Vde, I, = 0, f 24 me) All Types 
AC Current Gain 
(Ig = 20 mA, Vor 210 V, f = 100 mc) 2N1204, 2N1204A, 2N1494, 2N1494A 


2N1485, 2N1486 


2N2067, 2N2100 
2N1204, 2N1204A, 2N1494, 2N1494A, 2N2096, 2N2099 
2N1495, 2N1496 


Minority Carrier Storage Time Constant 


2N1204, 2N1204A, 2N1494, 2N1494A 
2N1495, 2N1496 


Storage Time 
2N2097, 2N2100 
2N2096, 2N2099 


2N2097, 2N2100 
2N2096, 2N2089 


*Pulse Test: Pulse width ¢1 msec, Duty cycle < 6% 
**Pulse Test: Pulse width <5 msec, Duty cycle < 2% 


RISE TIME TEST CIRCUIT STORAGE AND FALL TIME TEST CIRCUIT 


Hg RELAY H, RELAY Vout 
TEKTRONIX TYPE 517 


CRO OR EQUIVALENT (SEE NOTE 1) 
J J 50 
50 
10V --5V —10V 
NOTE 1: SCOPE IMPEDANCE SUFFICIENTLY HIGH SO THAT DOUBLING 
OR HALVING ITS VALUE DOES NOT CHANGE THE READING. 
= SCOPE RISE TIME FAST ENOUGH SO THAT DOUBLING 08 


10V 10 Vv HALVING ITS VALUE DOES NOT CHANGE THE READING. 


8-86 


Motorola High-Frequency Transistors 


2N1204,A SERIES (continued) 


NORMALIZED CURRENT GAIN 


CHARACTERISTICS CARRIER STORAGE TIME CONSTANT TEST CIRCUIT 


BUN ee aa 
ea 


one 


Vour 
1 Vee TO SCOPE 


1, ts 20 mA 
*c, 7500 pf 


hee, NORMALIZED OC CURRENT GAIN 


INPUT PULSE 


es —> fe io usec 

" COLLECTOR CURRENT (mAdc) oe 
ADD SCOPE AND PROBE 

CAPACITANCE TO C, FOR 

CORRECT CALCULATION 7, Et Nou 


COLLECTOR EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 


Veg, COLLECTOR VOLTAGE (VOLTS) 


0.1 0.3 05 07 10 3.0 5.0 7.0 10 30 50 
1,, BASE CURRENT (mAdc) 


TYPICAL RISE AND FALL-TIME BEHAVIOR 


N 
GE 


a 
ae 
a 


TIME (nsec) 


10 20 30 50 70 = =100 200 = 300 500 
Ic, COLLECTOR CURRENT {mA) Ip, BASE CURRENT (mAdc) 


Qy, TOTAL CONTROL CHARGE (PICO-COULOMBS) 


eae 
ey 
c 
an oe 
fe ea 
ae El 
| | 
me 
a 


50 70 10 30 50 


Cott 
0 


Motorola High-Frequency Transistors 
onl 420 For Specifications, See 2N697 Data Sheet 
Sa a ee ee 


2n1494, A thru 2N 1496 For Specifications, See 2N1204 Data Sheet 


2n1561 


G, = 5-6 db @ 160 Mc 
2n 1562 P, = 0.4-0.5 W @ 160 Mc 
2N 1692 


2N1693 


PNP germanium mesa transistors for VHF power 
amplifier applications. 


CASE 23 CASE 24 
2N1561 2N1692 
2N1562 2N1693 


MAXIMUM RATINGS 


2N1561, 2N1692 
2N1562, 2N1693 | 


T 


Total Device Dissipation at 
25°C Case Temperature 
(Derate 40 mW/°C above 25°C) 


Total Device Dissipation at 
25°C Ambient Temperature 
(Derate 3.3 mW/°C above 25°C) 


*May be exceeded provided total rated device dissipation is not exceeded. 
POWER GAIN versus FREQUENCY 


_ 12N1562 
Po = 450mW fon1693 ag 


2 )2N1561 
Po = SS0mW (ow1692 

Vor = —15V0C 
T, = 25°C 


KX 
2N1693 \ 


Coy 


= 


LMA LALLA 


G,, POWER GAIN (DECIBELS) 
1... COLLECTOR CURRENT (mAdc) 
= 
=} 


¥ 

TET NEE 
aaaen WI 

Lt NN Ven, COLLECTOR-BASE VOLTAGE (VOLTS) 


0 50 70 100 150 = 200 300 = 400 
FREQUENCY (MEGACYCLES) 
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Motorola High-Frequency Transistors 
2N1561, 2N1562, 2N1692, 2N1693 (continued) 
ELECTRICAL CHARACTER ISTICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage . 
Is = 0, Io == —100 pAdec 
Coltector-Emitter Breakdown Voltage 

Vas = 0, Io = —100 pAdc 


Collector Cutoff Current ) 
Is = 0, Ves = —10 Vde 


Emitter Cutoff Current 2N1562, 2N1693 
Ic = 0, Vas = —0.4 Vde 


Emitter Cutoff Current 2N1561, 2N1692 
Ic = 0, Vas = —1.0 Vde 

Coltector Saturation Voltage Venteat) 2N1561, 2N1692 
Ic = —200 mAde, Is = —40 mAdc 2N1562, 2N1693 

Smatl Signal Forward Current Transfer Ratio 2N1561, 2N1692 


Ic = —50 mAdsc, Vez = —10 Vde, 2N1562, 2N1693 
f= 160 mc 


Collector Capacitance Con 
In = 0, Vea = —10 Vde : 


Current Gsin-Bendwidth Product 2N1561, 2N1692 
Ic = —50 mAdc, Ves = —10 Vdc 2N1562, 2N1693 


Base Resistance 
Ip == —20 mAdce, Vos = —10 Vdc , f = 300 mc 


Power Output 2N1561, 2N1692 
Ig = —100 mAdc Max, f = 160 mc 2N1562, 2N1693 
Ven = 15 Ve, Pin = 125 mW 


Power Gain 2N1561, 2N1692 
Ic = —100 mAdc Max, 
P, = 0.3 Watt 

Power Gain . 2N1562, 2N1693 
Ic = —100 mAdc Max, 
P. t—} 0.4 Watt ; 


POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus POWER IN 


2N1561/2N1692 2N1562/2N1693 
10 ey 
19 ® ql S 8 
ot hoe zs =F IE 
0. = & = ost & 6 
< oO — w 
= | 6 - 8 |& 
5 0.6) x a az 06) © 4 
So o S : S 
ox & 2 © 
E 0.4 = y 3 047 & 20 
‘od a ge * 13 
L& 
0 0 0 0 
0 25 50 75 100 125 150 0 25 50 75 100 125 150 
Pia, POWER IN (mW) Pia» POWER IN (mW) 
POWER OUT, COLLECTOR CURRENT ANDCOLLECTOR EFFICIENCY versus FREQUENCY 
2N1561/2N1692 2N1562/2N1693 
‘ ‘ Pe lec 
14 3 80 100 10] «@ 80 100 
a = a 2 = 
e] i. a gli Ts 
=O E 80 5 = 08 t 60 ~ 80 > 
=e 2 §8 = \ cs 
S04 3 40 60 2 = 06] 3 40 60 2 
tq tee ow i 
SE fe | ae: 
0. S 20 rs} & 04 o 2 40 © 
ae = Vox = —15Vde = 8 oe = : Vox = ~15Vde bo eye 3 
0. o ae Pry = 125mW 02 0.21 2 Pin = 125m 02 
TTP tt? 3 eee et 
Loe i 
0 0 0 0 0 
0 40 60 80100 160 200 300 400 0 40 460 80100 160 200 300 400 
FREQUENCY (MEGACYCLES) FREQUENCY (MEGACYCLES) 
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Motorola High-Frequency Transistors 


2N1561, 2N1562, 2N1692, 2N1693 (continued) 


POWER OUT, COLLECTOR CURRENT AND COLLECTOR EFFICIENCY versus COLLECTOR-EMITTER VOLTAGE 
2N1561/2N1692 2N1562/2N1693 


s 9 a 0.8 ‘J 
el: 5s OE : 
- 2 =< re) 
= z Fe = rea] 
- 4) = eS Eas S 
se |3 & = i 
[- 4 a a [vY) 
z 0.4 5 5 e 0.4 = 
= 0. 8 8 : 0.2 8 
4 ° & 
. 0 15 
Vex, COLLECTOR-EMITTER VOLTAGE (VOLTS) Vey, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
2N T 6 T 3 For Specifications, See 2N718A Data Sheet 


2n1692 
2n1693 


——— eee 


For Specifications, See 2N1561 Data Sheet 


onl 7 I I For Specifications, See 2N718A Data Sheet 
a 
an1991 For Specifications, See 2N1131 Data Sheet 
a 
2n2096 


2n2097 For Specifications, See 2N1204 Data Sheet 


2n2099 
2n2100 


ener SSS Sf Sg 
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Motorola High-Frequency Transistors 


: Vero —_ 25-50 V 
2N2192, A,B thru 2n2195, A,B lc=1A 
f; = 250 Mc 


NPN silicon annular transistors for high-current 
switching and amplifier applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


2N2192 
2N2192A 
2N2192B 
2N2194 


2N2193 | 2N2195 
2N2193A| 2N2195A 
2N2193B| 2N2195B 


Characteristic 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature ee a 
Derating Factor Above 25°C 
Junction Temperature, Operating ae | -65 to +200 ze 
Storage Temperature Range ea -65 to +300 fe 
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Motorola High-Frequency Transistors 


2N2192,A,B thru 2N2195,A,B (continued) 
ELECTRICAL CHARACTERISTICS (at25°C unless otherwise specified) 
[2 


Collector-Base Breakdown Voltage 
(i, = 100 wAdc, Ip = 0) 2N2192, A, B, 2N2194, A, 
2N2193, A. B 
2N2195, A, B 


Collector Emitter-Open Base Sustain Voltaye* 
Ml, » 25 mA pulsed, I, = 0) ; B, 2N2194, 


B 
B 


Emitter-Base Breakdown Voltage 
a, = 100 pAdc, Io = 0) , A, B, 2N2194, 


Collector Cutoff Current 
Voz = 30 Vde, Ip = 0) 2N2192, B, 2N2194, 
2N2195, B 


= 150 C) 2N2192, 
2N2194, 
2N2195, 


= 60 Vdc, Ip = 0) 2N2193, 
= 150°C) 2N2193, 


(op = 30 Vde, 1, © 0, T, 


Von 
Von = 60 Vdc, Ip = 0, Ty 
Emitter Cutoff Current 
Veep = 3 Vdc, Io n 0) 2N2192, 
2N2195, A, 


Wap 25 Vac, I, = 0) 2N2193, A, 


Collector-Emitter Saturation Voltage 
Ic = 150 mAdc, In = 15 mAdc) 2N2192 thru 2N2195 
2N2192A thru 2N2195A 
2N2192B thru 2N2195B 


Base-Emitter Saturation Voltage 
Ig = 150 mAdc, I, = 15 mAdc) All Types 


DC Current Gain* 
ll, = 0.1 mAdc, Voce « 10 Vdc) 2N2192, 


(I, 2 10 mAde, Veg = 10 Vde) 2N2192, 
2N2193, 
2N2194, 


(Il. = 10 mAdc, Vaz = 10 Vdc, T, =-55°C) —-2N2192 
e a Ee oe 2N2193, 


« 10 Vde) 2N2192, 
2N2193, 
2N2194, 
2N2195, 


(i. = 150 mAdc, V,,, « 1.0 Vdc) 2N2192 
c 7 CE 2N2193, 
2N2194, 
2N2195, 


= 10 Vdc) 2N2192 
CE 2N2193, 

2N2194, 
(ig = 1.0 Ade, Vop =10 Vde) 2N2192, A, B, 2N2193, 


2N2193, A, B 
CE 


(Ip = 150 mAde, Vop 


(i, = 500 mAde, V 


OOOO OHO D DWOW Oo ooo 


Output Capacitance 
Vop e10 Vdc, Ip e 0, {21.0 me) 


Small Signal Current Gain 
(lo = 50 mA, Vee = 10V, { = 20 mc) All Types 


Storage Time 2N2192-94, 2N2192A-94A, 2N2192B-94B 


Fall Time 


*Pulse Test: PW S 300 wsec, Duty Cycle S$ 2% 


Vout 


Scope Input: 
R = 10 Megohms 


ae msec | 


C = 11.5 pf 
2N2192,A,8 —V.= 7.5V,V,= 7.5V t. = 20 nsec 
t, = 20 nsec 
2N2193, A, B Ry. = 509 


We 15V,V, = 15V 
2N2194, A, B 
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Motorola High-Frequency Transistors 


on221 7 thru aN2222 


Veceo — 30 V 
f; = 400 Mc Typ 


NPN silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 22 CASE 31 
(TO-18) (TO-5) 


ABSOLUTE MAXIMUM RATINGS 


2N2217-19 | 2N2220-22 
(T0-5) (T0-18) 


a : 


Characteristic 


Emitter-Base Voltage 


Total Device Dissipation at 
25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation at 
25°C Ambient Temperatures 
Derating Factor Above 25°C mW/°C 


Junction Temperature —65 to +175 
Storage Temperature —65 to +300 
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Motorola High-Frequency Transistors 


2N2217 thru 2N2222 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector Cutoff Current leso 
a 50 Vde, le = 0) 
Collector Cutoff Current 
(Veg = 50 Vde, T, = 150°C) 


Collector-Base Breakdown Voltage BV cso 
(le = 10 pAde, I, = 0) 
Collector-Emitter Breakdown Voltage BVcto 


(le = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage BVeso 
(lg = 10 pAdc, Ie = 0) 
Collector Saturation Voltage 


(Ile = 150 mAdc, I, = 15 mAdc) All Types 
(Ie = 500 mAdc, |, = 50 mAdc) 


2N2218, 2N2219 
2N2221, 2N2222 


Base-Emitter Saturation Voltage 
(le = 150 mAdc, |, = 15 mAdc) All Types 


(le = 500 mAdc, I, = 50 mAdc) 


2N2218, 2N2219 
2N2221, 2N2222 


DC Forward Current Transfer Ratio 
(le = 0.1 mAdc, Veg = 10 Ve) 


2N2218, 2N2221 
2N2219, 2N2222 


(I¢ = 1.0 mAdc, Veg = 10 Vdc) 


2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 


“(le = 10 mAdc, Veg = 10 Vdc) 


2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 


(le = 150 mAdc, Veg = 10 Vdc) * 


2N2217, 2N2220 
2N2218, 2N2221 
2N2219, 2N2222 


(le = 500 mAdc, Veg = 10 Vdc) * 


2N2218, 2N2221 
2N2219, 2N2222 


Output Capacitance 
Veg = 10 Vdc, Ip = 0, f = 100KC 


input Capacitance 
Ven = 0.5 Vdc, Ie = 0, f = 100KC 


Smali Signal Forward Current Transfer Ratio 
(Veg = 20 Vde, Ie = 20 mAdc, f = 100mc) 


Current Gain — Bandwidth Product 
(le = 20 mAdc, Veg = 20 Vdc) 


Turn-on Time 
(Fig. 1) 


*Pulse Test: 
Pulse width = 300 zsec 
Duty Cycle <= 2% 


FOR DESIGN CURVES SEE 2N2218A DATA SHEET 
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Motorola High-Frequency Transistors 


on2218A 
on2219A 
on2221A 
on2222A 


Vero = 40V 
f, = 400 McTyp 


NPN silicon annular Star transistors for high-speed 
switching and DC to VHF amplifier applications. 


CASE22  CASE31 
(TO-18) (TO-5) 


ABSOLUTE MAXIMUM RATINGS 


2N2218A 2N2221A 
Characteristic Symbol 2N2219A 2N2222A 
(T0-5) (10-18) 
Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation at 
25° C Case Ternperature 
Derating Factor Above 25 C 


Total Device Dissipation at 
25 C Ambient Temperature 
Derating Factor Above 25°C 


Junction Temperature Range : -65 to +175 


Se 


Storage Temperature Range -65 to +300 


TYPICAL CURRENT GAIN CHARACTERISTICS 


2.0 


Sts eel ae 

ae sslieeeen 
SSS SS ee eam ia HRS ct 
ee ee (ee nao ea NS CRS ROR SS ES EE 

a) See oe a es 


(=) 
nw 1.0 = 1.0 
= 
z= i eet Da 
2 4 T — 
w = 
£05 ee som sagoen. = —— an NORMALIZED TO Ie = 150 mA Set \ZA 0.5 
il ae aii aos 
—_ T, = 26°C 
, EES Ht 


0.1 10 20 50 100 200 500 
les cotector CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A , 2N2222A (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C Ambient temperature unless otherwise specified.) 


Static Characteristics 


Collector-Base Breakdown Voltage 
(I, = 10 wAdc, Ip = 0) Ali Types 


Collector-Emitter Breakdown Voltage 


(Ic = 10 mAdc, I, = 0) All Types 
Emitter-Base Breakdown Voltage 

(ip = 10 wAdc, Io = 0) All Types 
Collector Cutoff Current 


(Vop = 60 Vdc, I, = 0) All Types 
(Vop = 60 Vdc, I, = 0, T, = 150°C) All Types 


Collector Cutoff Current 
(Vopr = 60 Vde, Von = 3Vdc) All Types 


Base Cutoff Current 


(Vcr = 60 Vdc, Von = 3 Vdc) All Types 

mitter Cutoff Current 

(Von = 3 Vdc, In = 0) All Types 
Collector-Emitter Saturation Voltage* 


(Ic = 150 mAdc, I, = 15 mAdc) All Types 
(Ic: = 500 mAdc, Ip = 50 mAdc) . All Types 
Base-Emitter Saturation Voltage 

(Ic = 150 mAdc, I, = 15 mAdc) All Types 
(Ic = 500 mAdc, Ip = 50 mAdc) All Types 


DC Forward Current Transfer Ratio’ 
(Ic = 0.1 mAdc, Vcr = 10 Vdc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ic = 1.0 mAdc, Vop = 10 Vdc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ic = 10 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ic = 10 mAdc, Veg = 10 Vde, 2N2218A, 2N2221A 
T, = -55°C), 2N2219A, 2N2222A 


(ic = 150 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ic = 150 mAdc, Vog = 1.0 Vac) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ic = 500 mAdc, Vor = 10 Vdc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


* Pulse Test <300 usec, duty cycle 2% Vos - Base-Emitter Reverse Bias 


Symbol . Mio 


Small Signal Current Gain 
17 = 1.0 mA, Ve 2 10V, f= 1 ke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ig = 10 mA, Ve = 10V, f= 1 ke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


Voltage Feedback Ratio 
(lg = 1,0 mA, Vo = 10V, f =1 kc) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


(Ig © 10 mA, Ve = 10V, f= 1 ke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


Input Impedance 
Ml, = 1.0 mA, Von * 10 V, f= 1 ke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


= 10 mA, Vop = 10V, f = Lke) 2N2218A, 2N2221A 
2N2219A, 2N2222A 


ic 


Output Admittance 
(i, = 1.0 mA, Vo = 10V, f= 1 ke) 2N2218A, 2N2221A 
C 2N2219A, 2N2222A 


(i, = 10 mA, Vo = 10V, f= 1 ke) 2N2218A, 2N2221A 
c : 2N2219A, 2N2222A 


Collector-Base Time Constant 
Me «= 20 mA, Vor = 20V, { = 31.8 mc) 


Noise Figure 
Ml. = 100 A, Voge 210V, Re #12, fe 1 kc) 2N2219A, 2N2222A 
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Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A,, 2N2222A (continued) 


SMALL SIGNAL FORWARD CURRENT GAIN AND VOLTAGE FEEDBACK RATIO versus COLLECTOR CURRENT 
Wee 2 10V ® 1 Ke) 


2N2218A, 2N2221A 
ae A A OO 
cs Saat eee we MT aded 
| an 


aed . 
Jie LEN 

Tt TTT | A 
of ES ee | 
ry, 05 10 20 50 10 a 


Ic, COLLECTOR CURRENT (mAdc) 


-2N2219A, 2N2222A 


BEE t+ 
man HN tH : 
FERS | 


0.5 1.0 2.0 
le, COLLECTOR CURRENT (mAdc) 


5.0 


SMALL SIGNAL INPUT IMPEDANCE AND OUTPUT CONDUCTANCE versus COLLECTOR CURRENT 
-10V¥@ 1 Kc) 


(Vi 
Pc rnlicad ein 
208 ee eee 100 


EPBREETE PHAR 
CCCI een 


=e i at SS ann oa 
SS Se i — 
= — 


0.2 0.4 06 1. 2.0 4.0 6.0 


ic. COLLECTOR CURRENT (mAdc) 


To 20 


1KC NOISE FIGURE versus SOURCE IMPEDANCE 


a= asec TUT | LUA TTT 
sara el (UHI Ht At 
PT NTE POT ATT 
ame me ct Za 


t= 100ua ZY | | IT 
EHIME 7 at 
nL it eeeat LTT 


NF NOISE FIGURE (db) 


ll 

| 

SUBD aait toe anil 
Ee tt tt 
“100 4 6 1K 2 4 6 10K 2 4 6 100k 


R,, SOURCE IMPEDANCE (ohms) 
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20 


On DS 
pape tt 


2N2219A, 2N2222A 


6.0 =— mm HH 60 —. 
40 -+4+— : 40 = 
a ap <il & 
5 tN asi ee 
Pea ce ‘ 
0.6 == Sos 6 
0.4 4 
0.1 0.2 0.5 l 2 § 10 20 


NF, NOISE FIGURE (db) 


Ic, COLLECTOR CURRENT (mAdc) 


NOISE FIGURE versus FREQUENCY 


R, = Atk 


Peete! Lt |_| | | | 
le = 100nA ad 
R, = 1Kp 


10 Ke 40 Ke 100Ke 


f, FREQUENCY (CPS) 


Motorola High-Frequency Transistors 


2N2218A, 2N2219A, 2N2221A, 2N2222A (continued) 


COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 


2N2218A, 2N2221A 
Ty = 25°C 


0.8 


Vee jus) COLLECTOR-EMITTER 
SATURATION VOLTAGE (VOLTS) 


1 


Vee jut) COLLECTOR-EMITTER 
SATURATION VOLTAGE (VOLTS) 


ee BASE CURRENT (mAdc) 


CURRENT GAIN — BANDWIDTH PRODUCT and COLLECTOR STORAGE AND FALL TIME versus COLLECTOR CURRENT 
_ BASE TIME CONSTANT versus COLLECTOR CURRENT 


r’, Ce COLLECTOR BASE TIME CONSTANT (psec) 
TIME (nsec) 


fr, CURRENT GAIN-BANDWIDTH PRODUCT (mc) 


0 3 6 9 2 JIS 18 2 24 27 30 20 50 100 200 500 
. le COLLECTOR CURRENT (mAdc) le COLLECTOR CURRENT (mA} 
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Motorola High-Frequency Transistors 


2n2220 


For Specifications, See 2N2217 Data Sheet 


2N2256 thru 2N2259 | Voss = 7V 


lc = 100mA 


@ f; = 320 Mc 


NPN silicon and PNP germanium mesa complemen- 
CASE 22 tary transistors for high-speed non- saturated switching 
(TO-18) applications. 


MAXIMUM RATINGS 


2N2256 2N2258 
Characteristic 2N2257 2N2259 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
DC Collector Current 
“Storage Temperature 65 to +175 65 to +100 


Junction Temperature +175 +100 
Device Dissipation at 25°C Case 1000 


Derating factor above 25°C 6.67 
Device Dissipation at 25°C Ambient 300 


Derating factor above 25°C 


hee @ le = 25 mA 


2N2256 
"  oN2257.~~~O~O~S 
"  2N2258 
~ 2N22590 
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Motorola High-Frequency Transistors 


2N2256 thru 2N2259 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25°C unless otherwise noted) — All voltages and currents are magnitudes only ) 


Charateristi Sta | Winimur | Type] Maximum | Unit 


Collector-Base Breakdown Voltage 


lc = 100uAdc k=0 ALL TYPES 
Collector-Emitter Breakdown Voltage 
le = 100uAdc Ves = 0 ALL TYPES 


Emitter-Base Breakdown Voltage 
le = 100,Adc Ic =0 


Collector Cutoff Current 
Ves = 6Vdc le =0 


Collector Cutoff Current 
Veg = 6Vde 1, =0 T, = 65°C ALL TYPES 


DC Forward Current Transfer Ratio 
le = 10mAdc Veg = 1Vde 2N2256, 2N2258 
2N2257, 2N2259 

le = 25mAdc Vee = 1Vde 2N2256, 2N2258 
2N2257, 2N2259 


ALL TYPES 


ALL TYPES 


Base-Emitter Voltage 
le = 10mAdc Veg == 1Vde 2N2256, 2N2257 
2N2258, 2N2259 


lc = 25mAdc Vee = 1Vde 2N2256, 2N2257 
2N2258, 2N2259 


Conduction Threshold 
Base-Emitter Voltage* 2N2256, 2N2257 


Collector Output Capacitance 
2N2258, 2N2259 


Current-Gain — Bandwidth Product 
Vee = 1V, le = 10 mA 2N2258, 2N2259 (Ge) 
Vee = 15 V, le = 10 mA 2N2256, 2N2257 (Si) 


-on Ti 
Turn-on Time 2N2256, 2N2257 


2N2258, 2N2259 


Turon ame 2N2256, 2N2257 


2N2258, 2N2259 


Base Resistance 
Veg = 2V 1 = 5mA_ f = 300mc 2N2256, 2N2257 
2N2258, 2N2259 


*Base to emitter forward bias voltage at which transistor will be at the threshold of conduction; i.e. that base to 
emitter voltage at which the collector current is less than or equal to the specified amount under a given 
collector to emitter voltage condition. 
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2N2256 thru 2N2259 (continued) 


t, ty < 1 NSEC 


vo] [~ 
—2v 


3-1500 
RESISTORS 
INA“Y" 
CONFIGURATION 


R, = 50{? 


OSCILLOSCOPE 
(t, < 0.7 NSEC) 


502 


NPN SWITCHING TIME TEST CIRCUIT 


hee, CURRENT GAIN 


CASCADE COMPLEMENTARY 
GATE 


STATIC CHARACTERISTICS 


Ve ~ WV 
asc. 1, 65°C 
UNLESS NOTED 


2N2257 
2N2259 


—— = ———_CTVPICAL CURVE « 25°C T065°C 
= —— — — TYPICAL CURVE + O'C 
LIMIT CURVE 


fr, GAIN — BANDWIDTH PRODUCT (mcs) 


10 20 30 40 50 
Ic » COLLECTOR CURRENT (mA) 


CURRENT GAIN CHARACTERISTICS 


Motorola High-Frequency Transistors 


ty, ty < 1 NSEC 
R; = 500 


+2V 
wt L 


OSCILLOSCOPE 
(t, < 0.7 NSEC) 


3-1500 
RESISTORS 
IN A acy? 
CONFIGURATION 


+22V 


PNP SWITCHING TIME TEST CIRCUIT 


“WO OR" GATES) 


CURRENT MODE INVERTER FOR 
USE WITH DIODE LOGIC 
PROPAGATION DELAY TIME 10nSec. 


DYNAMIC CHARACTERISTICS 


5 7 10 15 20 35 50 
Ie, COLLECTOR CURRENT (mA) 


GAIN-BANDWIDTH PRODUCT CHARACTERISTICS 
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Motorola High-Frequency Transistors 


2n2303 For Specifications, See 2N722 Data Sheet 


2N2330 
2N230 | 


@ 


Veco =30V 
Vecisat) =3mV 


NPN silicon annular Star transistors for low-level 
DC/AC chopper applications. 


CASE 22 CASE = 
(TO-18) (TO-5) 


MAXIMUM RATINGS 


ane 


Collector-Emitter Voltage a ee 


Total Device Dissipation Watts 
at 25°C Case Temperature 
Derating Factor Above 25¥C mW/°C 
Watts 
at 25°C Ambient Temperature . 
Derating Factor Above 25°C mW/°C 
Junction Temperature cae —65 to +175 es 
Storage Temperature — 65 to +300 | | 


Total Device Dissipation 


INVERSE SATURATION VOLTAGE 
versus 
EMITTER CURRENT 


Vecisary, INVERSE SATURATION VOLTAGE (mv) 


20 40 = 60 100 200 400 600 1000 
fg, EMITTER CURRENT (uA) 
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Motorola High-Frequency Transistors 
2N2330, 2N2331 (continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted ) 
Characteristics _[symbot_[Min. [typ. | Max. | unit | 
Co'lector Cutoff Current 0.1 1.0 
(\ =3 — 4.5 Vdc, le = 0) 
Collector-Base Breakdown Voltage BV cso 30 
(lk = _ 10 pAdc, k= —_ 0) 
collector-Emitter Breakdown Voltage BVceg | 20 Vac 
(le = 1.0 mAdc, I, = 0) 
Emitter-Base Breakdown Voltage BViso Vdc 
(Ie = 10 pAdc, Ic = 0) 
Forward Current Transfer Ratio 
(Ie = 10 mAdc, Vee =I Vdc) 
Offset Voltage Viott) 0.3 0.75 | mVdc 
(lz = 200 yAdc. I, = 0) 
Inverse Saturation Voltage Vectsat} 1.0 3.0 | mVdc 
(lz = 200 pAdc, I; = 50 pAdc) 
Offset Current 1 0.1 
(Vc =-2.0 Vdc, Vee = 0, Ty = 25°C) 
Offset Current 1 10 
(Vac = 2.0 Vdc, Vce = 0, T, = 85°C) 
Collector Capacitance Cor 7 
(Ves =2 Vdc, le = 0) 
Common Base Input Capacitance 20 pf 
(Ves — 2 Vde, le = Q) 


Small Signal Forward Current Transfer Ratio 
(le = 1 mAdc, Veg = 1 Vde, f = 100 mc) 


OFFSET VOLTAGE INVERSE 
versus SATURATION 
BASE CURRENT CHARACTERISTICS 


Voss, OFFSET VOLTAGE (mV) 
lee EMITTER CURRENT (Adc) 


20 40 60 100 200 400 600 1000 


Vec, EMITTER-COLLECTOR VOLTAGE (mVdc) 


1,, BASE OF F-DRIVE CURRENT (A) 
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Motorola High-Frequency Transistors 


Vceo = 15-20 V 
2nN2369 f; = 600 Mc Typ 
2N3227 


¢ NPN silicon annular transistors for low-current, 
high-speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics | Symbol | Rating | Unit 
Collector-Base Voltage. VcBO 
Collector-Emitter Voltage Vcrs 


Collector-Emitter Voltage 2N2369 VcEo Vdc 

2N3227 

Emitter-Base Voltage 2N2369 VEBO | 
2N3227 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
Derating Factor Above 25°C 


Junction Temperature, Operating 
Storage Temperature Range 
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2N2369, 2N3227 (continued) 


ELECTRICAL CHARACTERISTICS 


Collector Cutoff Current 
(Voz = 20 Vdc) 


(Vop = 20 Vde, Ta = 150°C) 


Collector Cutoff Current 
(V g& = 20 Vdc, Vop = 3 Vdc) 


Base Cutoff Current 
(V 20 Vdc, Vop = 3 Vdc) 


Collector-Base Breakdown Voltage 
(Ic = 10y Adc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 10 Adc, Ic = 0) 


Collector-Emitter Breakdown Voltage * 
(Ic = 10 mAdc) 


Collector-Emitter Voltage 
(Ic = 10yu Adc, Ip = 0) 


Collector-Emitter Saturation Voltage * 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(Ic = 100 mAdc, Ip 10 mAdc) 


Base-Emitter Saturation Voltage * 
(Ic 10 mAdc, I, = 1 mAdc) 
(Ic = 100 mAdc, fp 10 mAdc) 


DC Current Gain* 
(Ic = 10 mAdc, VcE 


1.0 Vdc) 


(Ic = 10 mAdc, Vcg = 1.0 Vde, Ta = -55°C) 


(Ic 100 mAdc, Vcrgr 
( 100 mAdc, VcE 


Small Signal Current Gain 
(I. = 10 mAdc, Vcg = 10 Vde, f = 100 mc) 


Output Capacitance 
(Vcg 

Input Capacitance 
(Vop = 1 Vdc, Ic = 0,f = 140 kc) 


Storage Time 
(Ic = lpi = Ip2 = 10 mA) 


1.0 Vdc) 
2 Vdc) 


0,f = 140 kc) 


Turn-On Time 
(Ic = 10 mA, Ip; = 3 mA, 


Voc = 3 V, Vop = 1-5 V) 


Turn-Off Time 
(Io = 10 mA, Ip, = 3 mA, 


Ipo = 1.5 mA, Voc = 3V) 


Total Control Charge 
(Ic = 10 mA, Ip = 1 mA, Vcc = 3 V) 


Motorola High-Frequency Transistors 


Ta = 25°C unless otherwise noted) 


2N2369 
2N3227 


2N2369 
2N3227 
2N3227 


2N3227 


2N2369 
2N3227 


2N2369 
2N3227 


Vde 
Both Types 
2N3227 


EE 5 
Qa. Q. 
ro) QO 


Vde 
0.85 
1.4 


Both Types 
2N3227 


2N2369 
2N3227 


2N2369 
2N3227 


2N3227 
2N2369 


A Sl OE hd 


eb felt 


2N3227 
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Motorola High-Frequency Transistors 
2N2369, 2N3227 (continued) 


ELECTRICAL. CHARACTERISTICS (continued) 


Delay Time 


Voc =10V, Vogp = 2V 
Io = 100 mA, Ip; = 10 mA 2N3227 


Rise Time 
10 V 


Storage Time Vcc = 
Ic = 100 mA, 2N3227 
Fall Time 


*Pulse Test: PW = 300 psec, Duty Cycle = 2% 


Ip) = Ipe = 10mA 


MINIMUM CURRENT GAIN CHARACTERISTICS 


bee, MINIMUM DC CURRENT GAIN 


SATURATION VOLTAGE LIMITS 


t, ani 


SWITCHING TIMES (nsec) 


Visetye SATURATION VOLTAGE (VOLTS) 


Fa i 
oUt 
pa 
pateel 
ae i 
aa ist 
a 


100 


1 2 5 10 20 
tc, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


TNT | 
NI 
HIF 
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Motorola High-Frequency Transistors 


Vceo = 15-20 V 
2N236 | hear 


2N2382 f; = 300 Mc 


PNP germanium epitaxial mesa transistors for high- 
speed, high-current switching applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


ae Rating 
Characteristic Symbol 2N2381 2N2382 Unit 


Collector-Base Voltage Veeo 


ae a a EE TT ET, 


Collector-Emitter Voltage 


Emitter-Base Voitage 


Collector Current (Continuous) 


Junction Temperature 


—65 to +100 


Storage Temperature 


750 


Device Dissipation @ 25°C Case Temper- 
ature (Derate 10 mW/°C above 25°C) 


Device Dissipation @ 25°C Ambient 
(Derate 4 mW/°C) 


ACTIVE REGION TIME CONSTANT 


SE rr 


ye 


com 


va, ACTIVE REGION TIME CONSTANT (nsec) 


So 


10 30 50 70 100 300 500 10 30 50 70 100 
te, COLLECTOR CURRENT (mAdc) 


COLLECTOR-EMITTER SATURATION VOLTAGES 
versus BASE CURRENT 


Vee, COLLECTOR VOLTAGE (VOLTS) 


0.5 0.7 1.0 30 5.0 7.0 10 30 3= 50 
1,, BASE CURRENT (mAdc) 


Motorola High-Frequency Transistors 


2N2381, 2N2382 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


see ce ee 


Collector-Base Breakdown Voltage 
(Ic - 100 pAdc, Ip = 0) 

2N2381 

2N2382 


Collector-Emitter Breakdown Voltage 
(Ic = 10 mAdc, Ip = 0) 

2N2381 

2N2382 


Latch-Up Voltage 


2N2381 
2N2382 


Collector-Emitter Leakage Current 
(Vcr: 30, Vegp- 0) 2N2381 
(VCE - 45, Vpp=0) 2N2382 


Emitter-Base Leakage Current 
(VER : 0.5 Vdc, Ig = 0) 
(Veep - 4 Vdc, Ic = 0) 


Collector Cutoff Current 
(Von = 5 Vde, Ip = 0) Both Types 
(Von = 5Vdc, I, = 0, Ta = 85°C). Both Types 
(Von - 20 Vdc, I, = 0) 

e 2N2381 
2N2382 


DC Forward Current Transfer Ratio 
(Io = 200 mAdc, Vcr: 0.5 Vdc) 
(Ic = 400 mAdc, VcE = 1.0 Vdc) 


Collector-Emitter Saturation Voltage 
(Ic = 200 mAdc, Ip = 20 mAdc) 
(Ie = 400 mAdc, Ip = 40 mAdc) 


Base-Emitter Voltage 
(Ic = 200 mAdc, Ip = 20 mAdc) 
(Ig = 400 mAdc, Ip = 40 mAdc) 


Output Capacitance 
(Voz = 10 Vdc, Ip = 0, f = 4 me) 


Input Capacitance 
(Vep = 1 Vde, Ic = 0, f = 4 mc) 


Current-Gain — Bandwidth Product 
(Vcr = 10 Vdc, Ic = 20 mAdc, f = 100 mc) 


eT a ee 


Storage Time 
Fall Time 
Active Region Time Constant 
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Motorola High-Frequency Transistors 


on2481 Veco = 15V 


f; = 450 Mc Typ 


NPN silicon annular transistor for high-speed switch- 
ing applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 2.06 mW/ °c above 25°C) 


Total Device Dissipation 
@ 25°C Case Temperature 
(Derate 6.9 mW/°C above 25°C) 


Junction Temperature 


Storage Temperature 


MINIMUM CURRENT GAIN CHARACTERISTICS 


————— 


Pree 
ee a sae 


hee, MINIMUM CURRENT GAIN 


Ie, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N2481 (Continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


CHARACTERISTIC |sympot | MIN | max | UN 
Collector-Base Breakdown Voltage BVcRO Vde 
(Ic = 10 p Adc, Ip = 0) 
Emitter-Base Breakdown Voltage BVERO Vdc 
(Iz = 100 wAdc, Ic = 0) 
Collector-Emitter Breakdown Voltage* BVcCEO Vde 
(Ic = 30 mAdc, Ip = 0) 
Collector-Emitter Breakdown Voltage BVcEs Vdc 
(Ic = 1.0 pwAdc, Var = 0) 
Collector Leakage Current lory Adc 
(VcRp = 20 Vdc, Veg = 3 Vdc) 
(Vcg = 20 Vde, Vpp 3 Vdc, Ta = 150°C) 
Base Leakage Current Isp, nAdc 
(VcE = 20 Vdc, VBE = 3 Vdc) 
Emitter Cutoff Current nAdc 
(VepR = 4.0 Vde, I, = 0) 100 


DC Forward Current Transfer Ratio 


n ow 


(Ic = 1.0 mAdc, Vor = 1.0 Vdc) 

(Ic = 10 mAdc, Veg = 1.0 Vde)* 

(Ic = 10 mAdc, VcRg = 1.0 Vde, Ta = -559C)* 
(Ic = 150 mAdc, Vcg = 1.0 Vdc)* 


Collector-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 100 mAdc, Ig = 10 mAdc)* 


VCE (sat) 


Base-Emitter Saturation Voltage 
(Ic = 10 mAdc, Ip = 1.0 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc)* 


VBE (sat) 


Output Capacitance Cop 
(Vop = 5V,Ic= 0,f = 1 Mc) 


Input Capacitance Cin 
(Vep = Q5V,f = 1 Mc) 


Small-Signal Forward Current Transfer Ratio 
(Vor = 10 V, Io = 10 mA, f = 100 Mc) 


Small-Signal, Short- Circuit, Input Impedance 
(Real part) 
(Ic = 10 mA, Veg = 10 V,f = 250 Mc) 


Turn-On Time 
(Ic = 100 mA, Ipi = 10 mA, VBE (off) = -2 V) 
(Ic = 10 mA, Ipi = 1.0 mA, VBE (off) = .«2 V) 


Turn-Off Time 
(Ic = 100 mA, Ipi = 1Q mA, Ipo = <5 mA) 
(Ic = 10 mA, Ip) = 1.0 mA, Ipo = -0.5 mA) 


Storage Time 
(Ic = 10 mA, Ip, = 10 mA, Ipg = -10 mA) 


*Pulse width = 300 usec, Duty Cycle = 2% 
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Motorola High-Frequency Transistors 


2N2481 (Continued) 


TURN-ON TIME VARIATIONS WITH VOLTAGE LIMITS OF SATURATION VOLTAGES 
500 
. UE TEL 7 
100 a 
SS opt 
2° ERB ait A | 
E: 3 we a 
: S anu tt cali 
oe OSS = % + == 
\aeaiiadiis SSS woe ai 
so a] | 
in 
‘10 ~=~—20 «30 «5.0 7.0 10 20.30 50 70 100 200 
0 
fee nena 10 20 30 50 7.0 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) 
FALL TIME BEHAVIOR STORAGE TIME BEHAVIOR 
50 
Vor 10 800i eae te bl 
.{— TT 7, 25°C lei = Ie 
ee Ty = 125°C —— T= °C 
30 — —T; = 125°C 
Fi s 20 
s a 
os (<-] 
: : 
Z 5 
< 10 
ns 10 
ot Pe a 
10 20 30 5070 10 20 30 50 70 100 200 10 «20 30 50 70 10 20 30 50 70 100 200 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


COLLECTOR SATURATION VOLTAGE CHARACTERISTICS 


Co ee ao 
com | [eer cee [TT 


0.6 


Ve, MAXIMUM COLLECTOR-EMITTER VOLTAGE (Vdc) 


cr 
best 
0.2 (a Da ne os 
02 03 05 07 1.0 2.0 3.0 5.0 7.0 10 20 
Jp, BASE CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Vero =20V 
on2501 f; =450 Mc Typ 
@ NPN silicon annular transistor for high-speed switch- 


ing applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ 
25’‘C Ambient Temperature 0.36 
(Derate 2.06 mW/ C above 25’C) 


Junction Temperature +200 
Storage Temperature -65 to 4200 
Total Device Dissipation @ 


25°C Case Temperature 1.2 
(Derate 6.9 mW/‘C above 25°C) 


TOTAL CONTROL CHARGE NORMALIZED CURRENT GAIN CHARACTERISTICS 


ae a ee el 

2 aoe) Oe a Fe Pa il i iad 

j oe Eichh 
5 oe ” 
3 = 16 
2 & 1.4 
g @ 1.2 

: g 10} 

2 = 08 
5 3 0.4 
é 0.2 
0 

1 0. 1 10 100 

1g. BASE CURRENT (mAdc) lc, COLLECTOR CURRENT (mAdc) 


8-112 


Motorola High-Frequency Transistors 


2N2501 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Vex, COLLECTOR VOLTAGE (VOLTS) 


< 
ro 
r=) 


Collector-Base Breakdown Voltage 
(Ic = 10 pAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ig = 30 mAdc, Ip = 0, Pulsed) 


Emitter-Base Breakdown Voltage 
(Ip = 10 pAdc, Ic = 0) 


Collector Leakage Current 
(Vop = 20 Vdc, Vag = -3 Vdc) 


Base Leakage Current 
(Voz = 20 Vde, Vep = -3 Vdc) 
(Vopr = 20 Vdc, Vpp = -3 Vdc, Ta = 150°C) 


DC Forward Current Transfer Ratio* 
(Ic = 100 wAdc, Vop = 1 Vdc) 
(Ic = 1 mAdc, Vcg = 1 Vdc) 
(Ic = 10 mAdc, VoR = 1! Vdc) : 
(Ic = 10 mAdc, Vor = 1 Vde, Ta = -55°C) 
(Ic = 50 mAdc, Vcr = 1 Vdc) 
(Io = 100 mAdc, Vcr = 1 Vdc) 
(I¢ = 500 mAdc, Vcg= 5 Vdc) 


Collector-Emitter Saturation Voltage* VCE(sat) 
(Iq = 10 mAdc, Ip = 1 mAdc) 

(Ic = 50 mAdc, Ip = 5 mAdc) 
(I¢ = 100 mAdc, Ip = 10 mAdc) 

Base-Emitter Saturation Voltage* VBE t 
(Ig = 10 mAdc, Ig = 1 mAdc) ca 
(Ic = 50 mAdc, Ip = 5 mAdc) 

(Ie = 100 mAdc, Ip.= 10 mAdc) 
Cop 


Output Capacitance 
(Voz = 10 Vdc, Ip = 0, f = 100 kc) 


Input Capacitance 
(Vep = 0.5 Vde, Io = 0, f = 100 kc) 


Small Signal Forward Current Transfer Ratio 
(VaR = 20 Vdc, Ic = 10 mAdc, f = 100 mc) 


Current-Gain-Bandwidth Product 
(Vopr = 20 Vde, I¢ = 10 mAdc) 


Charge Storage Time Constant 
Total Control Charge 
(Ig = 10 mAdc, I, = 1 mAdc) 


Active Region Time Constant 
(Ic = 10 mAdc) 


< 
Qa 
e 


0.2 
0.3 
0.4 
0.85 
1.0 
1.2 


pico- 
coulombs 


*Pulse Test: Pulse width £ 300 usec, duty cycle £ 2% 


COLLECTOR-EMITTER SATURATION VOLTAGES versus BASE CURRENT 


le /\, = 10 
T; = 25°C 
ee Te SE Ne fie ICT a 
hs a | 
et Tt | INTE PT PRE EE ETT 
NE ial 
RGR el 
| Eee ert EE 
1 1 10 100 


0.01 0. 
ls, BASE CURRENT (mAdc) 


0.1 
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an25a/7 thru 2n2540 


Motorola High-Frequency Transistors 


Vero =30V 
f; = 400 Mc Typ 


NPN silicon annular Star transistors for high-speed 


\ \ Switching. 
CASE 22 \ CASE 31 
(TO-18) (TO-5) 
2N2539 2N2537 
2N2540 2N2538 


MAXIMUM RATINGS 


Collector-Base Voltage 

Collector-Emitter Voltage 

Collector-Emitter Voltage 

Emitter-Base Voltage 

Total Device Dissipation 
25°C Case Temperature 

Derate above 25°C 

Total Device Dissipation 
25°C Ambient Temperature 

Derate above 25°C 


Junction Temperature 


Storage Temperature 


17.2 
0.8 
4.57 

-65 to +200 
-65 to +300 


H 


oe 
elt 


Collector Cutoff Current 
(Vop 2 40 Vee, Ip 2 0) 
Voz = 40 Vde, Ip s 0, Ta s 180°C) 
Emitter Cutoff Current 
(Vpp 2 3 Vde, Ic = 0) 
Collector Cutoff Current 
(Vpz 20.2 Vde, Veg = 20 Vdc) 
Base Cutoff Current 
V5re 2 0.2 Vde, Vop = 20 Vdc) 
(Vge = 0.2 Vde, Vcr = 20 Vde, Ta = 180°C) 


Coliector-Base Breakdown Voltage 


Collector-Emitter Breakdown Vo 
(ig = 100 mAde, pulsed, Ip = 0) 
Collector-Emitter Breakdown Voltage 
(ic = 100 mAdc, pulsed, Raz 5 10 9) 
Emitter-Base Breakdown Voltage 
Qy = 10 pAde, Ip = 0) 
Collector Saturation Voltage * 
(ic = 180 mAde, Ip = 15 mAdc) 
# 500 mAdc, Ip = 50 mAdc) 
Base-Emitter Saturation Voltage 
= 150 mAde, Ip = 15 mAdc) * 
(ig = 500 mAdc, Ip = 50 mAdc) 
DC Forward Current Transfer Ratio 
(Ig = 1 mAdc, Veg = 10 Vde) 


(Ic = 10 mAdc, Veg = 10 Vide) 


(ic = 180 mAde, Vog = 10 Vde)* 


(ic = 500 mAdc, Veg = 10 Vae)* 


Capacitance 
(Veg = 10 Ve, Ig = 0, £ = 100 kc) 


g 


o 
3 
f 


riSgrris 


| “Peps ever tono tet | 
(Vp = 0.5 Vde, Ic = 0, f= 100 ke) 


Small Signal Forward Current Transfer Ratio 
(Veg = 20 Vde, Ic = 20 mAde, f = 100 me) 


*Pulse Test: Pulse width S 300 usec, duty cycle 5 2% 
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Motorola High-Frequency Transistors 
Vero =10V 


2n2630 oo ae 


« PNP germanium mesa transistor for high-speed 
switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


ana eT ed 
DEVICE DISSIPATION @25°C CASE TEMPERATURE mW 
LINEAR DERATING FACTOR 4 mW/°C 


SWITCHING TIME TEST CIRCUIT 


-15 V 


Tos 1 Tqs 2 
RC = 750 2 RC = 189 2 
RB =3.3 K RB=1.1K 
C = 104 pf C = 440 pf 
IC =20 mA IC =80 mA 
IB =1.5 mA IB = 4.5 mA 


GENERATOR RISE AND FALL TIME < 10 nSec 
OUTPUT INDICATOR RISE TIME < 4.0 nSec 
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Motorola High-Frequency Transistors 


2N2630 (Continued) 


ELECTRICAL CHARACTERISTICS 


EE 
CUTOFF CURRENT 


EMITTER-BASE 
CUTOFF CURRENT 


COLLECTOR-BASE 
BREAKDOWN VOLTAGE 


EMITTER-BASE 
BREAKDOWN VOLTAGE 


COLLECTOR-EMITTER 
BREAKDOWN VOLTAGE 


COLLECTOR-EMITTER 
LATCH-UP VOLTAGE 


COLLECTOR-EMITTER VoR (sat) 
SATURATION VOLTAGE 28 


BASE-EMITTER 
VOLTAGE 


FORWARD CURRENT 
TRANSFER RATIO 


SMALL SIGNAL 
FORWARD CURRENT 
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Motorola High-Frequency Transistors 


. Veco =15V 
2n2635 lc = 100 mA 
f, = 150 Mc 


PNP germanium epitaxial mesa transistor for high- 
speed switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS (at Ta = 25°C unless otherwise noted) 


Characteristic Symbol Rating Unit 


Collector-Base Voltage 
ND 

Collector-Emitter Voltage 
_ 


Emitter-Base Voltage 


Re 


Collector Current (Continuous) 


Lee ee 


Junction Temperature 


ee  ————— 


Storage Temperature 
—————————— 
Device Dissipation @ 25°C 
Ambient Temperature 
(Derate 2mW/°C above 25°C) 


2.9 


100 


+100 


-65 to+ 100 


150 


SWITCHING TIME TEST CIRCUIT 


—3.5V 


3002 


SCOPE 
t, <= 3.5nsec 
Rin == 100 KQ2 
Cin <= 3 pf 
INPUT WAVEFORM: +1.25V { 
t, = t, = Insec — — oak i 
PW = 0.5 psec 4 ss C= 6 pf 
DUTY CYCLE = 50% (includes Ci») - 
—5.AV l 
1 
sieiasd 
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Motorola High-Frequency Transistors 


2N2635 (Continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 100 u Adc, Ip = 0) 


Collector-Emitter Breakdown Voltage 
(Ic = 2 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = 100 nw Adc, Iq = 0) 


Collector-Base Cutoff Current 
(Vep = 25V, Ip = 0) 
(VCB = 25V, Ip = 0, Ta = +559C) 


Emitter-Base Cutoff Current 
(VEB = 1V, Ic = 0) 


(Ic = 10 mA, VcR = 0.5V) 

(Ic = 50 mA, Vcr = 1V) 

(Ic = 50 mA, VCE = 1V, Ta = -55°C) 
(Ig = 100 mA, VcE = 1V) 


Base-Emitter Voltage 
(Ic = 10 mA, Ip = 0.5 mA) 


(Ic = 50 mA, Ip = 2.5 mA) 
(Ic = 50 mA, Ip = 2.5 mA, Ta = -55°C) 
(Ic = 100 mA, Ip = 10 mA) 


Collector-Emitter Saturation Voltage 
(Ic = 10 mA, Ip = 0.5 mA) 

(Ic = 50 mA, Ip = 2.5 mA) 

(Ic = 50 mA, Ip = 2.5 mA, Ta = +55°C) 

(Ic = 100 mA, I, = 10 mA) 


Small-Signal Forward Current Transfer Ratio 
(Ic = 30 mA, Vcg = 2V,f = 100 me) 


Collector Output Capacitance Cob 
(VcB = 9 V,Ip = 0,f = 1 mc) 


Input Capacitance Cipb 

(Veep = 1V,Ic = 0,f = 1 mc) 
Delay Tine ras [ a [vee 
Ares 


Storage Time 


Fall Time 
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2n2800 
an2801 


2N2837 
2N2838 


@ 


Motorola High-Frequency Transistors 


Verto = 35 V 
Ic = 800 mA 
CI f; = 120 Mc 


PNP silicon annular transistors for medium-speed 


switching applications. 


CASE 22 
(TO-18) 


CASE 31 
(TO-5) 


2N2837 2N2800 
2N2838 2N2801 


MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 


Total Device Dissipation 
@ 25°C Ambient Temperature 
2N2800, 2N2801 — TO-5 
Derating-Factor Above 25°C 


2N2837, 2N2838 — TO-18 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
2N2800, 2N2801 — TO-5 
Derating Factor Above 25°C 


2N2837, 2N2838 — TO-18 
Derating Factor Above 25°C 


Junction Temperature, Operating 


Storage Temperature 


DELAY AND RISE TIME TEST CIRCUIT 


Maximum 


17.3 


1.8 
10.3 


+200 


-65 to +300 


STORAGE AND FALL TIME TEST CIRCUIT 


+15V +10V INPUT +18.9V +10V 
- Zo = 5012 
PRF = 150 PPS 
NPUT 
: = 502 RISE TIME < 2 nsec 
PRF = 150 PPS 


RISE TIME <= 2 nsec 
TO OSCILLOSCOPE 
RISE TIME < 5 nsec 
Z,,= 10M2 
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“TL 
2yseefe— 


TO OSCILLOSCOPE 
RISE TIME <= 5 nsec 
Z,. = 10 MQ 


Motorola High-Frequency Transistors 


2N2800, 2N2801, 2N2837, 2N2838 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector-Base Breakdown Voltage BVono Vdc 
(Ig = 10 pAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
Collector-Emitter Breakdown Voltage 

(Vor = 25 Vdc, Ver 0.5 Vdc) 

Vor = 25 Vdc, Ver = 0.5 Vdc) 


DC Forward Current Transfer Ratio 
(Io = 0.1 mAdc, Vor = 10 Vdc) 
2N2800, 2N2837 
2N2801 , 2N2838 


(I, = 150 mAdc, Vor = 10 Vdc)* 
2N2800. 2N2837 
2N2801 , 2N2838 


(I, = 150 mAdc, Vor = 1 Vdc)* 
2N2800, 2N2837 
2N2801, 2N2838 


= 10 Vdc)* 
2N2800, 2N2837 
2N2801, 2N2838 


BV BO Vdc 
BV, EO Vdc 


(I, = 500 mAdc, Vor 


Collector Saturation Voltage 
(Ig = 150 mAdc, Ip = 15 mAdc) 


(I, = 500 mAdc, Ip = 50 mAdc) 


Ve E(sat) 


Base-Emitter Saturation Voltage 
(I = 150 mAdc, I, = 15 mAdc) 


(Ip = 500 mAdc, Ip = 50 mAdc) 


VBE(sat ) 


i) 
° 
s 


Output Capacitance 
(Voz =10Vdc, f= 100kc) 


Current-Gain — Bandwidth Product 
(I, = 50 mAdc, Vor = 10Vdc, f{ = 100 mc) 


Lene) 
[ 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic 


Delay Time 
Storage Time 


Fall Time 


*Pulse Test: Pulse Width = 300 usec, duty cycle § 2% 


Typical 
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Motorola High-Frequency Transistors 


2IN2O32 Vero = 50-100 Vv 


2N2004 7 Pp = 85 W 


PNP germanium transistors for switching and am- 
plifier applications. 


CASE 3 
(TO-3) 


MAXIMUM RATINGS 


Collector-Base Voltage 4 


2N2832 2N2834 =| Unit | 
80 


Collector-Emitter Voltage 


a 
[econ Opratg ewentee nw | 


Amps 
es 
pe 


-65 to +110° 


CURRENT GAIN VARIATIONS STORAGE TIME versus COLLECTOR CURRENT 


leg. CURRENT GAIN 
t,, STORAGE TIME (usec) 


Ic, COLLECTOR CURRENT (AMPS) 


CURRENT GAIN BANDWIDTH PRODUCT 
versus COLLECTOR CURRENT 


f,, CURRENT GAIN-BANDWIDTH PRODUCT (Mc) 


0.1 0.2 04 06 08 1 3 5 
le, COLLECTOR CURRENT (Adc) 
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Motorola High-Frequency Transistors 


2N2832, 2N2834 (Continued) 


ELECTR ICAL CHARACTER ISTI CS (at Te = 25°C unless otherwise noted) 


(V, = 3V, Ip = 0) All Types 
(ven = 80V, ie = 0) 2N2832 


(Vop = 140V, Ip = 0) 


Collector-Emitter Current® 
(Veg = L00V, VBE es 0) 


(Voz = 160V, VBE s 0) 


Collector-Emitter Cutoff Current** 
(Vog = SOV, Vag = 0.2V, To = 485°C) 2N28S2 


(Veg = 100V, Vase = 0.3vV, Te s +85°C) 


Emitter-Base Breakdown Voltage BVO 
(lg =SOmAde, Ip = 0) 


Collector-Emitter Breakdown Voltage** 
(lg = 100 mA, Ip = Q) 


Emitter Floating Potential* 
(Veg = 80V, Ig = 0) 2N26S2 


DC Current Transfer Ratio 
(Ig =1.0A, Vop = 2V) 
(ic = 10A, Vop = 2V) 


Collector-Emitter Saturation Voltage 
= 1.0 Adc, Ip = 100 mAdc) 

(Ig = 10 Adc, Ip = 1.0 Adc) 

(ig = 20 Adc, Ip = 2.0 Adc) 


Base~-Emitter Saturation Voltage 
(ic = 1A, Ig = 100mAdc) 


(I, = 10A, Ip = 1Adc) 
2 = 204A, Ip = 2 Adc) 


oan ee ee oe 
(Ig = 1.0A, Vog = 10V, f= Sime) 
ea ER ee AIT (ra) (A, (i (A 
Sc a (PR "SR (Ra Re ee ea ae 
a a ee ee i 


* SWEEP TEST: 1/2 Sine Wave, 60 cps min 
*° PULSE TEST: PW = 1 msec, 2% Duty Cycle 


SWITCHING TIME TEST CIRCUIT 


Characteristic 


Rise Time 


Storage Time 
Fall Time 


ADJUST R,, R,, R;, for ley =f = O11 


0 — 20V 


PULSE CONDITIONS; Ie = 5 AMP, I,, = 0.5 AMP 


Switching times shown are for constant current drive conditions. 
Faster times can be realized by the use of a lower source impedance 
or a speed-up capacitor. See Chapter § of the Motorola Switching 
Handbook for a more detailed explanation, 
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Motorola High-Frequency Transistors 


2N203/7 
2N2838 


For Specifications, See 2N2800 Data Sheet 


2N2904, A thru 2N2907, A 


; Vceo = 40-60 V 
2N3485, A, 2N3486, A af lc = 600 mA 
f; = 200 Mc 
@ PNP silicon annular Star transistors for high-speed 


switching, complementary circuitry and DC to VHF 
amplifier applications. 


CASE 31 CASE 22 CASE 26 
(TO-5)  (TO-18) — (TO-46) 


2N2904, A 2N2906,A 2N3485, A 
2N2905, A 2N2907, A 2N3486, A 


MAXIMUM RATINGS 


CHARACTERISTIC SYMBOL RATING UNIT 


Collector-Base Voltage 


Collector-Emitter Voltage 
2N2904-2N2907, 2°'3485, 2N3486 
2N2904A-2N2907A, 2N3485A, 2N3486A 


Emitter-Base Voltage 
Collector Current 
Total Device Dissipation @ To = 25°C 


TO-5: 2N2904, 2N2904A, 2N2905, 2N2905A 
DERATING FACTOR 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
DERATING FACTOR 


TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 

Total Device Dissipation @ T, = 25°C 
TO-5: 2N2904, 2N2904A, 2N2905, 2N2S05A 
DERATING FACTOR 


TO-18: 2N2906, 2N2906A, 2N2907, 2N2907A 
TO-46: 2N3485, 2N3485A, 2N3486, 2N3486A 
DERATING FACTOR 


Operating Junction Temperature Range -65 to +200 


Storage Temperature Range -65 to +300 
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Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 
Characteristic | [Symbol | in| Max | Untt 


Collector Cutoff Current 
(Von = §0 Vdc, Ip 2 0) 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2907A, 2N3485A, 2N3486A 


(Vop = 50 Vdc, Ip = 0,T, = 150°C) — 2N2904 thru 2N2907, 2N3485, 2N3486 
2N2904A thru 2N2807A, 2N3485A, 2N3486A 


Collector Cutoff Current 
(Vee = 30V, VBE s 0.5 V) 


Base Cutoff Current In, 
(Vor = 30V, VBE a 0.5 V) 


Collector-Base Breakdown Voltage 
(Ic =10 Adc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 2N2904 thru 2N2907, 2N3485, 2N3486 


2N2904A thru 2N29074, 2N3485A, 2N3486A 


Emitter-Base Breakdown Voltage 
(Ig = 10 Adc, Ic = 0) 


5 


Collector Saturation Voltage* 
(I¢ = 150 mAdc, Ip = 15 mAdc) 
(I¢ = 500 mAdc, Ig = 50 mAdc) 


VcE(sat)* 


Base-Emitter Saturation Voltage 
(Ie = 150 mAdc, 1B = 15 mAdc)* 
(I¢ = 500 mAdc, Ip = 50 mAdc) 


VBE(sat)” 


w w 
oe ey 
, Oo 


DC Forward Current Transfer Ratio 
(I¢ = 0.1 mAdc, Vcr = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 

2N2904A, 2N2906A, 2N3485A 

2N2905A, 2N2907A, 2N3486A 


(I¢ = 1.0 mAde, Vog = 10 Vdc) 2N2904, 2N2906, 2N3485 
2N2905, 2N2907, 2N3486 
2N2S04A, 2N2906A, 2N3485A 
2N2905A, 2N2907A, 2N3486A 


(Ip = 10 mAdc, Vag = 10 Vdc) 2N2904, 2N2806, 2N3485 
2N2905, 2N2907, 2N3486 

2N2904A, 2N2906A, 2N3485A 

2N2905A, 2N2907A, 2N3486A 


Ig = 150 mAdc, VCE = 10Vdc)* 2N2904, 2N2804A, 2N2806, 2N2906A, 2N3485, 2N3485A 
2N2905, 2N2905A, 2N2907, 2N2907A, 2N3486, 2N3486A 


(Ic = 500 mAdc, Voge = 10 Vdc)* 2N2904, 2N2906, 2N3485 : 
2N2805, 2N2907, 2N3486 

2N2804A, 2N2906A, 2N3485A 

2N2805A, 2N2907A, 2N3486A 


Input Capacitance 
(VprE = 2 Vde, {, = 0, f = 100 kc) 


Current-Gain — Bandwidth Product 
(I, = 50 mAdc, Vog = 20 Vdc, f = 100 mc) 


*Pulse Test: Pulse Width = 300 ysec, duty cycle £ 2% 


SATURATED TURN-ON SATURATED TURN-OFF 
SWITCHING-TIME TEST CIRCUIT SWITCHING TIME TEST CIRCUIT 


-30V 


200 2 


ae oe 


PW < 200 nsec = PW 15 asec 


Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Turn-On Time 


Storage Time 


® 
& 
& 
be 
Z 
2 
s 
n 
3 
3} 
& 


CURRENT GAIN versus COLLECTOR CURRENT 


Corr 


niyo LN388ND 9d oazvnuoN *y 


le, COLLECTOR CURRENT (mA) 


CURRENT GAIN-BANDWIDTH PRODUCT 


versus COLLECTOR CURRENT 


o 
e 

wo 
™N 
+ 


1¢, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2904, A-2N2907, A and 2N3485, A, 2N3486, A (Continued) 


COLLECTOR SATURATION VOLTAGE versus BASE CURRENT 


A TE WE 
Ti Adel TM LNT TT Ey 
ha 


2N2904, 2N2906, 2N3485 
AND A VERSIONS 
T, = 25°C 


0.8 


0.6 


Ves tsar)» COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


2N2905, 2N2907, 2N3486 
AND A VERSIONS 
a = 25°C 


Ves 100) COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


06 0.1 0 10 100 
I,, BASE CURRENT (mAdc) 
ACTIVE REGION TIME CONSTANT 
CAPACITANCE VARIATIONS versus VOLTAGE versus COLLECTOR CURRENT 


CAPACITANCE (Pf) 
7,, ACTIVE REGION TIME CONSTANT (NSEC) 


01 O02 0406 1.0 2 4 6 10 20 40 
REVERSE BIAS (VOLTS) le, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Vero =25V | 
| G. = 26 db @ 60 Mc 
2n2929 N; = 5.5 db @ 200 Mc 
PNP germanium epitaxial mesa transistor for low 
noise, broadband, power and driver amplifier appli- 
cations. 
CASE 31 


(TO-5) 


MAXIMUM RATINGS 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 10 


NORMALIZED DC CURRENT GAIN 


—10 —20 
Ie, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2929 (Continued) 


ELECTRICAL CHARACTERISTICS 


| Characteristic | Symbol | Test Conditions =|: Min | Typ | Max| Unit 
[carta Bret at | BYepo| Wants e «#8 | — | ve 
¢ HOA Vag [as [ae [= [ve 
consort Beaton Voter] BVogo| Je=omadesp@ «dt | me | — | 
iget mite = ee ees 


Collector Cutoff Current Vop =-10 Vde, Ip = 0 


Biter Cut Curent Yep ~08 Wis Ig= 0 = [=a Te [ae] 
DC Forward Current Transfer Ratio | hee | Veg 7710 Vde, Ic =-10 mAdc. | 10 | 30 | 100 | —— 
Collector-Emitter Saturation Voltage | Vogigat)| I¢ =-50 mAdc, Ip 2-10 mAdc | — |-0.5 |-08 | vac, 


? 
Base-Emittor Saturation Voitage | Vig(gay| iq =-80 mAde, ly =-10 mAde = fess [te | vee 
Smal}Signal Forward Current 
Transfer Ratio by, Ig =-10 mAdc, Voz 710 Vdc, f = 1 ke 
t 


Vop =-10 Vde, I, = 0,T, =+55°C 


— 


Ic =-20 mAde, Vog =-10 Vide, f = 100 me 


Current Gain - Bandwidth Product Ic =-10 mAdc, Vog =-10 Vde, f= 100 me 

Ig =-40 mAdc, Vox 7710 Vde, f = 100 mc 

Collector-Base Time Constant T Cy Vop 2-10 Vdc, Ip =+20 mAdc, { = 31.8 mc | 10 | 28 | 40 | pace | 
Real Part of Small-Signal Short 

Circuit Input Impedance Rey.) | Ig =10 mA, Vog 10 V,f = 1000 me 75 | ohms 


Collector-Base Capacitance Vop 7-10 Vde, Ip = 0,£ = 100 ke } — | am] 25 | pe | 


ii ii neers 
Ps fl 


NOISE FIGURE versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 


Vcr =-10 Vdc, Ig *~10 mAdc, f = 200 me 


Vor 7710 Vdc, I =~2 Adc, f = 200 mc 
Rg = $02 


10 


Ie = ~10mA 


el Yore ? 
M.A.G. = £ 

i Ese feel 

0 30 50 70 100 200. 0 70 100 200 50 


f. FREQUENCY (mc) : f, FREQUENCY (me) 


NF, NOISEFIGURE (db? 
G, . POWER GAIN''db, 
3 


2 20 30 5 0 
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Motorola High-Frequency Transistors 


2n2947 G, = 10 db @ 50 Mc 
on2948 P,=15W @ 50Mc 


NPN silicon annular transistors for power amplifier 
CASE 1 applications to 100 Mc. 
(TO-3) 


MAXIMUM RATINGS (NOTE 1) 


Power Input (Nominal) 
Power Output (Nominal) 


Total Device Dissipation 
@ 25°C Case Temperature 


Derating Factor above 25°C 


Storage Temperature -65 to + 175 


Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics. 


POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 
80 20 . 


70 


60 1 


10 


NALINI 
\ 
SING 


10 20 40 60 80 100 200 300 0 0.5 1 15 2 2.5 3 35 
f, FREQUENCY (mc) P.a» POWER INPUT (WATTS) 


w 
=] 


Poss POWER OUTPUT (WATTS) 
> 
r—) 
Poe POWER OUTPUT (WATTS) 
lc, COLLECTOR CURRENT (Ade) 
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Motorola High-Frequency Transistors 


2N2947 (Continued) 
ELECTRICAL CHARACTERISTICS | Ta = 25°C unless otherwise noted 


Collector- Emitter Vors ews) 


Sustain Voltage 
Verojeus) 


2N2947: In = 0.250 A, Ror = 0 


2N2948: In = 0.250A, Ror = 0 


Collector-Emitter-i V 
Open Base 
Sustain Voltage 


2N2947- In 


= 0.250A, I, = 


2N2948: I, = 0.250A, I, = 0 


Cc B 


Collector- Emitter 
Current 
2N2947 Vor = 60 Vdc, Ver = 0 ; 
Vor = 50 Vdc, Ver = 0, To = 175°C : 
2N2948: Vor = 40 Vdc, VeE =0 . 
Vor = 30 Vdc, Var = 0, To = 175°C : 
| ar 2N2947: V_._ = 50 = : 
Collector Cutoff CB Vde, I ena 
Current 
2N2948: Vop = 30 Vdc, I= 
Emitter Cutoft 2N2947: Vi, = 3 Vdc, I, = uAdc 
Current 
2N2948: Ves = 2 Vde, I. = 
DC Current Gain 2N2947: Io = 400 mAdc, Vor = 2Vdc 
2N2948: Io = 400 mAdc, Vor = 2 Vde 
Both Types: I. = 1 Adc, Veo = 2 Vdc 


Collector-Emitter Vor (sat = 1.0 Adc, I, = 500 mAdc (ie ee ae 
Saturation Voltage sat) 

Base-Emitter = 1.0 Adc, I,, = 500 mAdc Vdc 
Saturation Voltage Bete) fever EE 
Ac Current Gain | Current Gain = 2.0 Vdc, Io = 400 mAdc, f = 50 mc a 


Collector Output = 25 Vdc, [p=0, f = 100 kc 
Capacitance 


Power Input 
Efficiency a 


Power Input Pin P 


Efficiency pa I 


« Pulse Measurement: Pulse Width € 100 usec, Duty Cycle = 2% 


Vos 


P ut = 15 W, f =50 me, Vor = 25 Vde 


C(max) ~ 1A 


= 15 W, { = 30 mc, V_,,, = 25 Vdc 


out CE 


C(max) * 1.0A 
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Motorola High-Frequency Transistors 


2N2947 (continued) 


POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 
20 


Pots POWER OUTPUT (WATTS) 


Pout» POWER OUTPUT (WATTS) 


2N2947 
f = 50 me 


0 5 10 15 20 25 
Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) P,,, POWER INPUT (WATTS) 


—en2949 en G, = 12 db @ 50 Mc 
2n2950 P= 3.5 W @ 50 Mc 
\ \, 


4 NPNsilicon annular transistors for power amplifier 
‘& and driver applications to 100 Mc. 


CASE 23 | 
2N2949 2N2950 


MAXIMUM RATINGS (Note 1) 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter - Base Voltage 


Collector Current (Continuous) 
Base Current (Continuous) a 


RF Input Power (Nom) 
RF Output Power (Nom) 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Total Device Dissipation at 


25° Ambient 
(Derating Factor above 25°C) 


Junction Temperature Ty 


The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 
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Motorola High-Frequency Transistors 


2N2949, 2N2950 (Continued) 
ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


a eee ee 
Collector-Emitter Sustain Voltage CES(sus) 1,70. 250 A, Ror 0 as 
Collector Emitter-Open Base F esses 1,20. 250A, 1,=0 Ea 

Sustain Voltage CEO(sus) Cc By 


Collector-Emitter Current 


2 ° 
To + 175°C 


Symibel 
v 
Vv * 
| topo | Yoptoveestyro | ~~ {| | on | nase | 
Vv 


Collector - Cutoff Current B 7 
= ere ee 


Cc 
E 
DC Current Gain Vox" 2.0 Vde 
I 40 mAdc 


Collector -Emitter Saturation 1_= 400 mAdc = 80 mAdc 
area Cx (eat) Cc ee) Vde 


AC Current Gain Vogt: 0 Vdc 
1,=40 mAdc, f=50 mc 
Collector Output Capacitance Vop™ 25 Vdc, I p20 
| fo100ké | 
ee  : 
i UY 


* Pulse Width = 100usec, Duty Cycle = 2% 


POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER INPUT 


E . 2 |z ? 
< = 13 3 
=" = *[é 2 
= a. 4 > 
= = re = 
3 oS ws So 
=? N 3715 : 
a bork [=] 
i i | S 
‘ IN sali : 

0 0 

10 20 40 60- 80 100 200 300 0 0.1 0.2 0.3 0.4 0.5 

f, FREQUENCY (me) P,,, POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors 


2N2949, 2N2950 (continued) 


POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 


E a 
= E 
S = 
= 5 
3 E 
[> 4 
wi a = 0.25W = 
= f = 50 mc = 
A ee r 
a Te = 25°C ; 
a 
0 5 10 15 20 25 0 0.1 0.2 0.3 0.4 0.5 
Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) Pas POWER INPUT (WATTS) 


2n2951 
2n2952 


G, = 9 db @ 50 Me 
P, = 600 mW @ 50 Mc 


NPN silicon annular Star transistors for power am- 
plifier applications to 100 Mc. 


CASE 31 \\ “CASE 22 
(TO-5) (TO-18) 


2N2951 2N2952 
MAXIMUM RATINGS 


Characteristics 
’ Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current (continuous) 
Base Current (continuous) 


2N2951 2N2952 
Total Device Dissipation 


(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


Junction Temperature -65 to 175 


Storage Temperature -65 to 175 __ 


NOTE 1: The maximum ratings as given for D.C. conditions can be exceeded on a pulse basis. 
See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N2951, 2N2952 (Continued) 
ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted ) 


Characteristic 


Collector-Emitter Current I 


Collector Cutoff Current logo 
Emitter Cutoff Current 


DC Current Gain 


= 150mAdc, 

2 
= 10 Vdc 
Collector-Emitter Saturation Voltage VcK(sat) 
= 15 mAdc 


Base-Emitter Saturation Voltage V.(sat) | IL, = 150 mAdc, 


C 


I, = 15 mAdc 


w 
e) 


lector-Emitter S i ] i 
Collector-Emitter Sustain Voltage CES(sus) 


Collector-Emitter Open Base 


Sustain Voltage Voro(sus) I. = 100 mA, 


Cc 
B 


I 


ald 


AC Current Gain V E™ 10. Vdc, 


C 


In = 10 mAdc 


f =50 mc 


Collector Output Capacitance 


yout = 600 mW 


f=50mec 
V = 13.6 Vdc 


Power Input 
CE 
Io(max = 125 mA 


[Bttcieney CdS TSC ef 


*Pulse = 100 nsec, Duty Cycle = 2% 
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Pus POWER OUTPUT(mW) 


2N2951, 2N2952 (Continued) 


POWER OUTPUT versus FREQUENCY 


1400 


1200 


1000 


A 
_ r= soni — SE 
Raila emi 
2. con 
400 


0 20 40 60 are 
f, FREQUENCY(mc) 


POWER OUTPUT versus COLLECTOR VOLTAGE 
1200 


Vee, COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Motorola High-Frequency Transistors 


OUTPUT CHARACTERISTICS versus POWER INPUT 
000 100 


Pours POWER OUTPUT(mW) 
COLLECTOR EFFICIENCY (%) 


0 0 
200 300 0 20 40 60 80 100 120 140 160 180 200 


P.., POWER INPUT(mW) 


POWER OUTPUT versus POWER INPUT 


f = 50mc 
Te = 25°C Vee — 28.0 Vde 
ey 
Petey | 
eeae% 
PLAC ter 
| 


800 


600 


P.1» POWER OUTPUT(mW) 


400 


NZ .20 40 60 80 100 120 140 160 180 200 
Pi... POWER INPUT(mW) 


POWER OUTPUT AND POWER GAIN CIRCUIT 


Re = 509 0.15 yh 


a 40-90 
(~) 50 mc 7-45 


2.7 ph 
+13.6V “ 001 pf 


4-30 4-30 


= = NOTE: 


“ 0.22 uh a i o 


200 


16 


°o 


12 


=) 


Ic, COLLECTOR CURRENT(mA) 


80 


40 


GROUND POINT must be kept as close as 


possible to the transistor emitter lead. 


Transistor must be mounted with heat sink. 


8-135 


Motorola High-Frequency Transistors 


2n2955 


2n2956 Nea ace Vv 
on2957 f; = 200-300 Mc 


PNP germanium epitaxial mesa transistors for high- 
speed switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS Ta = 25°C unless otherwise noted 


Characteristic 
Coliector-Base Voltage 


Emitter-Base Voltage 


2N2955 
Collector-Emitter Voltage 2N2956 
2N2957 


Collector Current 

Junction Temperature 

Storage Temperature -65 to +100 
Total Device Dissipation at 25°C 

Case Temperature 300 
(Derate 4 mW/°C above 25°C) 

Total Device Dissipation at 25°C 


Ambient Temperature 
(Derate 2 mW/°C above 25°C) 


CURRENT GAIN CHARACTERISTICS CURRENT GAIN CHARACTERISTICS 
2N2955 2N2956 


hep» CURRENT GAIN 
hee, CURRENT GAIN 


Ic, COLLECTOR CURRENT (mAdc) Ie, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2N2955, 2N2956, 2N2957 (Continued) 


ELECTRICAL CHARACTERISTICS (At Ta = 25°C unless otherwise noted) 


| haracteristle | Symtot | Min | Typ | Max | Unit 


Of Charecteristics 


Coliector-Base Breakdown Voltage 
(lg 7100 Adc, Ie= 0) 


Emitter-Base Breakdown Voltage 
(lg =100 pAdc, Ic = 0) 


Collector-Emitter Breakdown Voltage 
(Ig = 10 mAdc, Emitter-Base Termination - Open) 


Collector-Emitter Reverse Current 
(Veg 2 25 Vde, Vp 2 0.5 Vdc) 


Base Leakage Current 
(Vog = 25 Vde, Ven = 0.5: Vdc) 


Forward Current Transfer Ratio 
(Ig = 10 mAde, Voz = 1 Vde) 


{Ie = 50 mAdc, Vop 71 Vdc) 


(Ic = 100 mAde, Veg = 1 Vde) 


Collector-Emitter Saturation Voltage 
(I¢ = 10 mAdc, Ip= 1 mAdc) 


50 mAdc, Ip = 5 mAdc 2N2955 
fics 8 ) 2N2956 


2N2957 


2N2956 


(Ic = 100 mAdc, Ip = 10 mAdc) 
Ic ios 2N2957 


Base-Emitter Voltage 
(Ig = 10 mAdc, Ip = 1 mAdc) 


(Ig = 50 mAdc, Ip = 5 mAdc) 


(ic = 100 mAdc, Ip = 10 mAdc) . 2N2956 


Output Capacitance 
(Vop 2 5 Vide, Ip = 0, £ = 1 me) 


Input Capacitance 
(Vpp = 1 Vde, Ic 2 0, f = 1 me) 


Small Signal Forward Current Transfer Ratio 
(Vog = 5 Vde, I =10 mAdc, f = 100 me) 


Delay Time 
(V, 312 Vde, I¢g-= 50 mAde, Ip, = 5 mAdc, Vpp (Off) = 2.2 Vdc) 


Rise Time 
(same conditions a3 ty) 


Storage Time 
(Voce = 12 Vde, Ieg = 50 mAdc, I, = 5 mAdc, Ip2 = 5 mAdc) 


Total Control Charge 
(Ig = 10 mAde, Ip = 1 mAdc) 


Active Regton Time Constant 
(I¢ = 10 mAdc) 
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Motorola High-Frequency Transistors 


CURRENT GAIN CHARACTERISTICS 


2N2955, 2N2956, 2N2957 (Continued) 


TOTAL CONTROL CHARGE 


2N2956 -<-<=- 
2N2957 — = = 


(0d) 39YVHO TOUNOD TWLOL “D 


Ig, BASE CURRENT (mAdc) 


Ic, COLLECTOR CURRENT (mAdc) 


COLLECTOR-EMITTER SATURATION VOLTAGE versus cai CURRENT 


(SLTOA) 35VL10A YOL937109 “A 


(SLIOA) S9VLIOA YOL937109 “PA 


4.0 


08 1.0 


o °o 
(SLIOA) IDVLIOA YOLIIT109 ‘7A 


1, BASE CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2n2958 Vero = 20V 


lo = 600 mA 
2n2959 MI] f= 400 Mc Typ 
ansll5 
anol 16 


NPN silicon annular Star transistors for high-speed 
switching and amplifier applications. 


CASE 22 
(TO-18) 


2N2958 2N3115 
-2N2959—* ‘2N3116 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation 
25°C Case Temperature 
Derate aboye 25°C 


Total Device Dissipation 
25°C Ambient Temperature 
Derate above. 25°C 


Junction poerecre “RT -65 to +175 feo 
- Btorage Temperature . Tae -65 to +200 eo 
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Motorola High-Frequency Transistors 


2N2958, 2N2959, 2N3115, 2N3116 (Continued) 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


a a ee 


u Adc 


Collector Cutoff Current 
(VcB = 50 Vdc, le = Q) F 
(Vop = 50 Vdc, Ip = 0,T, = 150°C) 


Collector Cutoff Current Icrx u Adc 
(Vcr = 30 Vdc, VBE = -0.5 Vdc) 

Base Cutoff Current IB. u Adc 
(Vopr = 30 Vdc, VBE = -0.5 Vdc) 

Collector-Base Breakdown Voltage BVcCBO Vdc 
(Ic = 10 pAde, I, = 0) 

Collector-Emitter Breakdown Voltage* BVcro* Vdc 
(Ic = 10 mAdc, pulsed, Ip = 0) 

Emitter-Base Breakdown Voltage BVEBO Vdc 
(Ig = 10 »p Adc, Ic = 0) 

Collector Saturation Voltage* . , VCE (sat)* Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage * VBE (sat)* Vde 
(Io = 150 mAdc, Ip, = 15 mAdc) 

DC. Forward Current Transfer Ratio 
(Ic = 150 mAdc, 2N2958, 2N3115 40 
V = 10 Vdc) 2N2959, 2N3116_ 100 
Common-Base Open Circuit Output Capacitance 
(Voz =10V, Ip = 0,f = 100 kc) 

Delay Time ty 
(Vcc = 30V, lag = 150 mA, Ip, 15 mA) 

Rise Time 
(Voc = 30V, Iog = 150 mA, Ip; = 15 


eee oe | 

Stee | PEE 
Ipo = -15 an 

Fall Time 
(Voc = 6V,Icg = 150 mA, Ip, ; . 
Ing = -15 mA) _ Yet. 


Current Gain-Bandwidth Product fr 
(Ic = 20 mA, Vor = 20 V,f = 100 mc) 


*PULSE TEST: Pulse width <= 300 usec, duty cycle <= 2% 


0.025 
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Motorola High-Frequency Transistors 


2N3 130 thru 2NG136 Vero = 35 v 
f, = 200 Mc 


PNP silicon annular Star transistors for high-speed 
switching and DC to UHF amplifier applications. 


CASE 31 CASE 22 
(TO-5) (TO-18) 


2N3133 2N3135 
- 2N3134 2N3136. 


MAXIMUM RATINGS 


Total Device Dissipation 
@25°C Case Temperature Watts 
Derate Above 25°C mW/°C 
@25°C Ambient Temperature 0.6 0.4 Watts 
Derate Above 25°C 3.43 2.28 mw/°C 
Junction Temperature fot | -65 to +200 
Storage Temperature -65 to +300 


Total Device Dissipation 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


‘Characteristic 


Turn-On Time . 
(Voc = -30 V, Iog = 150 mA, 151 = 15 mA) 


Turn-Off Time 
(Voc = -6V, Icg = 150 mA, Ipi = Ipo = 15 mA) 
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Motorola High-Frequency Transistors 


2N3133 thru 2N3136 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


a ee eee 


Collector Cutoff Current IcBo Adc 
(Vcp = 30 Vdc, Ig = 0) 
(VcR =30 Vdc, Ip = 0, Ta = 150°C) 

Collector Cutoff Current Iorx Adc 
(Vcr = 30 V, VBE = 0.5 V) . 

Base Cutoff Current | Adc 
(VcE = 30 V, VBE = 0.5 v) 

Collector-Base Breakdown Voltage BVcRO 
(Ic = 10 pAdc, Ip = 0) 7 

Collector-Emitter Breakdown Voltage* TBVcRo* Vde 
(Ic = 10 mAdc, Ip = 0) 

Emitter-Base Breakdown Voltage . BVEBO | Vdc 

| (Ig = 10 pAdc, Ig = 0) , 

Collector Saturation Voltage* | VCE (sat)* Vde 
(Ic = 150 mAdc, Ip = 15 mAdc) 

Base-Emitter Saturation Voltage * VBE (sat)* 
(Ic =150 mAdc, Ip = 15 mAdc) 


DC Forward Current Transfer Ratio 
(Ic = 1.0 mAdc, Vcg = 10 Vdc) 2N3133, 2N3135 
2N3134, 2N3136 

(Ic = 150 mAdc, Vcg = 10 Vde)* 2N3133, 2N3135 

| —2N3134, 2N3136 


Output Capacitance 
(Vcp = 10 Vde, Ig = 0, f = 100 kc) 


Input Capacitance 


(VBE =.2 Vdc, Ic = Q,f£ =100 ke) 


Current-Gain — Bandwidth Product 
(Ic = 50 mAdc, Vog = 20 Vdc, f = 100 mc) 


*Pulse Test: Pulse Width < 300 psec, duty cycle < 2% 
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Motorola High-Frequency Transistors 


2no137 Gp: = 7.7-8.5 db @ 250 Mc Typ 
MM1803 Po = 600-700 mW @ 250 Mc Typ 


NPN silicon annular transistors for large signal VHF 
and UHF applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Cellector Current (Continuous) 


Power Dissipation 
@25°C Case Temperature 2.0 
@25 C Ambient Temperature 0.8 


Operating Junction Temperature 200 
Storage Temperature Range i -65 to +200 


Thermal Resistance-- 
Junction to Case 87.5 


Thermal Resistance-- 
Junction to Air Y) 153 


1000 pf 
Button MICA 


& (Collector strays) 1.5 pf 


$ 
4 
\ ! 
{i 
| 
boy 
| 
ee 
att 


L, © .075ch 6.3 crus Ol6ge ID © 3/16" length 1/2") 


Ly! 3/4 tern to. 1b tinned wire 3/8° D 
L,« & turne Ho. 18 tinned wire 1/b" ID 7/26" long 
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Motorola High-Frequency Transistors 


2N3137, MM1803 (Continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


ee ee 


Collector-Base Breakdown Voltage Vopo Vdc 
In = 0.1mAdc, I, =0 2N3137 
MM1803 
Collector-Emitter Open Base Sus. Voltage V 
I, = 15mAde, I, = 0 2N3137 CEO (sus) Vde 
MM1803 
Collector Cutoff Current r Iono yAdc 
Von” 20Vdc, I, = 0, To = +150 C Both Types 
Collector Cutoff Current uAdc 
Von” 20Vdc, I, = 0 Both Types 


Emitter-Base Breakdown Voltage 


DC Current Gain 
Vor = 5Vdc, In = 50mAdc 2N3137 


Collector-Emitter Saturation Voltage 
Io = 50mAdc, I, = 5mAdc 


Small Signal Current Gain 
eae Rm cme (PT aot P| 
a aaa Output Capacitance Cc ob a ae 
CB = 10Vdc, In = 0, f = 100kc 


Power Output 


Power Gain Pin # 100mw, f = 250mc 2N3137 


Efficiency Van = 20Vdc 


CE 


Power Output 


Power Gain Pin = 100mw, f = 250mc MM1803 


Efficiency Van = 20V 


CE 


*Pulse Width = 300 usec. Duty cycle = 1% 


8-144 


Motorola High-Frequency Transistors 


oNoLLT 


For Specifications, See 2N2369 Data Sheet 


on3244 Vero . 40-50 Vv 
2no245 f, = 150-175 Mc 


PNP silicon annular transistors for medium-current, 
high-speed switching and driver applications. 
CASE 31 
(TO-5) 


MAXIMUM RATINGS 


ae Maximum 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
@ 25° C Ambient Temperature 


Derating Factor Above 25°C 


Total Device Dissipation 
@ 25 °C Case Temperature 
Derating Factor Above 25°C 28.6 


Junction Temperature, Operating +200 


Storage Temperature Range T -65 to +200 


Thermal Resistance 0.175 
35 
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Motorola High-Frequency Transistors 


2N3244, 2N3245 (Continued) 


ELECTRICAL CHARACTERISTICS (at Ta = 25°C unless otherwise specified) 


_ "Characteristic | | symbol | 


Collector Cutoff Current 
pe = 30 Vdc, I= = 0) 


B 7 90 Vdc, T= = 0, T, = 100°C) 


Collector Cutoff a j feex | 
(Vop= = 30 Vde, V OB 3 Vdc) 
Emitter-Base Leakage Current | 

(Ven = 3 Vde, 


Base Cutoff Current 
(Vor = 30 Vde, V = § Vde) 


Collector-Base Breakdown Voltage Voro 
(I, = 10m Ade, = 0) 2N3244 
2N3245 
Collector-Emitter Breakdown Voltage* 
(In = 10 mAdc, ly = 0) 2N3244 
2N3245 
Emitter-Base Breakdown Voltage VERO 
E* 10y Adc, In = 0) 


Collector Saturation Voltage ° 
(In = 150 mAdc, I, = 15 mAdc) 2N3244 
2N3245 
(I, = §00 mAdc, IL, = 50 mAdc) 2N3244 
2N3245 
(I, = 1 Adc, Ip = 100 mAdc) 2N3244 
2N3245 
Base-Emitter Saturation Voltage * 
(I,= 150 mAde, I, = 15 mAdc) VBE(sat) 
(In = §00 mAdc, I, = §0 mAdc) 
(I, = 1 Ade, lp = 100 mAdc) 
DC Forward Current Transfer Ratio* 
(I. = 150 mAdc, Vor = 1.0 Vdc) 2N3244 
2N3245 
(I. = 500 mAdc, V = 1.0 Vdc) 2N3244 
c ce 2N3245 
(IL. = 1 Ade, V,.. = 5 Vdc) 2N3244 
. ce 2N3245 


Output Capacitance 
(Von = 10 Vdc, I 


7) 
as 


ene wa 
ov oo 


£79 { = 100 kc) 


m2) 
S 


Input Capacitance 
(Yon = 0.5 Vdc, In = 


gar tia Gain - Bandwidth Product 
= 50 mAdc, Voce =10 Vdc, f{ = 100 mc) 2N3244 


23245 
Delay Time . 
(I, = 500 mA, 1, = 50 mA 
Rise Time ‘Op 3 ce" ee 
2N3244 
2N3245 
. _ 2N3244 


Fall Time Thai = Age = 50 mA) 
(Vec= 30 V) 


0, f = 100 ke) 


-. 
4 


Total Control Charge 
(Io 500 mA, In = = 50 mA, v. = 30 V) 2N3244 


cc” 2N3245 


* Pulse Test: PW 300 usec, Duty Cycle 2%. 
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Motorola High-Frequency Transistors 
2N3244, 2N3245 (Continued) 


MINIMUM CURRENT GAIN CHARACTERISTICS 
a a Sana CREST Repel GR 


ae | 


ee a 


NORMALIZED he 


50 100 500 SS 
les scitecran CURRENT (mAdc) 


COLLECTOR-EMITTER SATURATION VOLTAGE CHARACTERISTICS 


MUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Ves, MAXI 


MAXIMUM COLLECTOR-EMITTER VOLTAGE (VOLTS) 


Vee, 


“HH EEE ett my 
= q a Vos = 2¥ 
cal I tegen Eee ran al 
Ba Pa TTT ape SSS 
ae A ce a i 
a. ere d aps fo === 
ee ee ee i oS 


HH ett 
“oe une 


——— = 


0 
; Ee ee ae ae : 
50 160 200 500 1000 100 200 300 
Ic, COLLECTOR CURRENT (mA) le, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


Veco =12V 
fr = 250-300 Mc 


2n3248 
2n3249 


PNP silicon annular transistors for low-level, high- 
Speed switching applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics 
Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derate above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 
Derate above 25°C 


Operating Junction Temperature 
Storage Temperature Range 


TYPICAL SWITCHING TIME 


le = 10 Iq, = 10 by, LIMITS OF SATURATION VOLTAGES 


ey ee CA AES SU GB Fl SS 
2; feo, Cort tt 
ert 
PTT TTT 
TT ttt 


Tom 
| TT 


a 


| 
i a 0 al 
TTA 


al 
cor 


TIME (nsec) 


a 

i 

: 
oy 
Pty 
tty 
BeRil 


Visa SATURATION VOLTAGE (VOLTS) 
° 
© 


a ee ee 


ti 
ee ee ea 
10 20 50 100 1 2 5 10 20 


Ie, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


re 


ime 
sf ATT 
‘a 
Nw 
x 
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Motorola High-Frequency Transistors 


2N3248, 2N3249 (Continued) 


ELECTRICAL CHARACTERISTICS (at 25°C unless otherwise specified) 


Collector-Cutoff Current 
(Ver + 10 Vdc. Vop - 1 Vdc) 
(V ~ 10 Vdc, Vop = 1 Vde. T, 


Base Cutoff Current 
(Veep - 10 Vdc. Vog = 1 Vdc) 


Collector-Base Breakdown Voltage 
(Ic: 10 ;zAdc. I,;. - 0) 


Collector-Emitter Breakdown Voltage * 
(Ic 10 mAdc, Ip = 90) 


Emitter-Base Breakdown Voltage 
(Ip. = 10 Ade. I, = Q) 


Collector Saturation Voltage 


(Ic: = 10 mAdc. Ip = 1 mAdc) 
(Ic: = 50 mAdc, Ip = 5 mAdc) 
(Ic: 100 mAdc. Ip = 10 mAdc) 2N3249 


2N3248 


Base-Emitter Saturation Voltage 
(Ic; - 10 mAdc. Ip = 1 mAdc) 

(Ir; = 50 mAdc, Ip = 5 mAdc) 

(Ic; - 100 mAdc, tq = 10 mAdc) 


DC Current Gain* 
(Ic = 0.1 mAdc. Vog = | Vdc) 2N3248 
2N3249 


= 1.0 mAdc. Vcg * 1 Vdc) 2N3248 
2N3249 


2N3248 
2N3249 


2N3248 
2N3249 


- = 100 mAdc. Vcr = 1 Vdc) 2N3248 
: 2N3249 


. « 10 mAdc. VCE : | Vdc) 


50 mAdc. Vcp = 1 Vdc) 


Output Capacitance 
(Vcp = 10 Vde. Ip = 0,f - 100 ke) 


Input Capacitance 
(Vee - 1 Vdc, Ic = 0.f= 100 kc) 


Current-Gain — Bandwidth Product 
(Ic = 20 mAdc. VcgE - 10 Vdc. f = 100 mc) 2N3248 
2N3249 


Total Control Charge 
(Ic = 10 mA, Ip - 0.25 mA, V = 3V) 


Delay Time lic = 100 mA, Ip = 10 mA, Vop = 0.5 V, 
Fall Time cc * 10V 


Turn-Off Time |Ic = 10 mA, Ip; * Ipe = 1mA,Voc= 3V 


*Pulse Test: PW 300 j:sec. Duty Cvcle 2% 
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Motorola High-Frequency Transistors 


2N3248, 2N3249 (Continued) 


MINIMUM CURRENT GAIN 


op a ee. =| 
Coa aes ee ee as, Hr 
SN 
T, = —15°C Baul 


= 

=a cco NY 
ee ie AE 
a ae 


Neg, CURRENT GAIN 


SE eet PT ANAT 
: Soe PNT al 
CO ptt | NIN 


PLL LITT T] PTT TY LTTE * 
r TS 


a COLLECTOR CURRENT (mA) 


Iieg, CURRENT GAIN 


—_ _———|__ ppt ttf = 
r SSS SS CER 
a a a FP MN 


cc 
20 r 


2 COLLECTOR pace ai 


* Ton and Tort TEST CIRCUIT 


IT nsec 
Vos >| = 10 t, §00 zsec 
=\}---~ DUTY CYCLE = 2% 
vi 
tise ARES 
1 Bra atansee aot 3 Lion | 25] 


*Total shunt capacitance of test jig and connectors. 
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Motorola High-Frequency Transistors 


23250, A bias 


2n3251,A f; = 250-300 Mc 


co 


CASE 22 
(TO-18) 


PNP silicon annular transistors for high-speed 
switching and amplifier applications. 


MAXIMUM RATINGS 


2N3250 2N3250A 
2N3251 2N3251A 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current 
Total Device Dissipation 


@ 25°C Case Temperature 
Derating Factor Above 25°C 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor Above 25°C 


Junction Operating Temperature 200 


Storage Temperature Range —65 to +200 


Thermal Resistance 
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Motorola High-Frequency Transistors 
2N3250, A, 2N3251, A (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic | symbol | 
Collector Cutoff Current 

(Vor = 40 Vdc, Vos = 3 Vdc) 
Base Cutoff Current 

(Vor = 40 Vdc, Vos = 3 Vdc) 


Tah 
Collector-Base Breakdown Voltage 2N3250, 2N3251 BVono 
* 
BVcEo 
BVEBO 
V * 
& 


< 
& 


Emitter-Base Breakdown Voltage 
(I, = 10 Adc) 


Collector Saturation Voltage * 
(I, = 10 mAdc, Tp = 1 mAdc) 


(I, = 10#Adc) 2N3250A, 2N3251A 


Collector-Emitter Breakdown Voltage * 2N3250, 2N3251 
(I, = 10 mAdc) 2N3250A, 2N3251A 
CE(sat) 
VBE(sat) 


(Ig = 50 mAdc, I, = 5 mAdc) 


Base-Emitter Saturation Voltage * 
(I = 10 mAdc, Tp = 1 mAdc) 


(I, = 50 mAdc, Ip = 5 mAdc) 


DC Forward Current Transfer Ratio * 
(In = 0.1 mAdc, Vor = 1 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 

CE* 1 Vdc) : 2N3250, 2N3250A 
2N3251, 2N3251A 

(I, = 10 mAdc, Vo, = 1 Vde) 2N3250, 2N3250A 
2N3251, 2N3251A 

CE* 1 Vdc) 2N3250, 2N3250A 
2N3251, 2N3251A 


I, = 1 mAdc, V 


(I, = §Q mAdc, V 


Output Capacitance 


° (Von = 10 Vdc, I, = 0, f = 100 kc) 
Input Capacitance 
(Von = 1 Vdc, In = 0, f = 100 kc) 


Current-Gain - Bandwidth Product © 2N3250, 2N3250A 
(I, = 10 mAdc, V,, = 20 Vdc, f = 100 mc) 2N3251, 2N3251A 


Small Signal Characteristics 
Small Signal Current Gain 2N3250, 2N3250A 
(I, = 1.0 mA, Vor 7 10 V, f= 1 ke) 2N3251, 2N3251A 
I 


Voltage Feedback Ratio 2N3250, 2N3250A 


(I, = 1.0 mA, Vopr = 10 V, £ = 1 ke) 2N3251, 2N3251A 
Input Impedance 2N3250, 2N3250A 
(I, = 1.0 mA, Vp = 10 V, f= 1 ke) 2N3251, 2N3251A 
Output Admittance 2N3250, 2N3250A 
(I, = 1.0 mA, Vor * 10 V, {= 1 ke) 2N3251, 2N3251A 


Collector-Base Time Constant 
(Io = 10 mA, Vor = 20 V) 


Noise Figure 
(Ig = 100 WA, Vog = 5 V, Ry = 1ke, f = 100 cps) _ 


*Pulse Test: PW = 300 usec, Duty Cycle = 2% Vos = Base Emitter Reverse Bias 
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Motorola High-Frequency Transistors 
2N3250, A, 2N3251, A (Continued) 


SWITCHING CHARACTERISTICS (At 25°C unless otherwise noted) 


Voc = 3 Vdc, Vos * = 0.5 Vdc 
To = 10 mAdc, Ili = 1 mA) 


(Ip) = Ihe = 1 mAdc 
Voc = 3V) 


neg. NORMALIZED CURRENT GAIN 


=e 
i Es ee eae 


TYPICAL he = 74 — 2N3250 
167 — 2N3251 


Ne 


25°C 
le fon 10 fap 
Vee oy i 0.5V 3V 


CHARGE (pc) 
TIME (nsec) 


5 10 20 
Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 
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2N3250, A, 2N3251, A (Continued) 


Motorola High-Frequency Transistors 


AUDIO SMALL SIGNAL CHARACTERISTICS | 
NOISE FIGURE VARIBIIONS 


NF, NOISE FIGURE (db) 


a a 
bli mae 


St serene cee TTT 
ee ee oS a cea 


NF. NOISE FIGURE (db) 


1KC = 2KC AKC 
f, FREQUENCY (CYCLES) 


1OKC §=20KC 40KC 


CURRENT GAIN 


Nye 


0.5 10 2.0 
Ic, COLLECTOR CURRENT (mAdc) 


INPUT IMPEDANCE 


hie. (KOHMS) 


0.5 1.0 2.0 
Ic, COLLECTOR CURRENT (mAdc) 


0.2 


bs 01 Sw 
Pa 


ae —— 
a a 
05 Pt 


100KC 


COT ToT 7 
ee a A 
NEL CCY BY “4 

INE CVA 
\o n/a 
IN 

i 

i 


a 
CAVA 
SS ese TT 
407 
See tro 
i sa 


100 200 400 1K 2K 4K 10K 20K 40K =: 100K 
R,. SOURCE RESISTANCE (CHMS) 


h PARAMETERS _. 


(Vor = 10V, Ty = 25°C, f= te) © 


Noe. (umhos} 


h,. x 107“ 


SATURATION VOLTAGES versus COLLECTOR CURRENT 


SATURATION VOLTAGE (VOLTS) 


Ie, COLLECTOR CURRENT (mA) 
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=——. oe Ae 
=———————— a a 
— 4. — 4 


RE ae Ge ee a | 2350, anszsoa, | 


an. eo oon ons oon oon one oe 


Bail 
i Sz sastii semen 
o1 02 05 1020 


Ic, COLLECTOR CURRENT (mA) 
VOLTAGE FEEDBACK RATIO 


0.5 1.0 2.0 
Ics COLLECTOR CURRENT (made) 
TEMPERATURE COEFFICIENTS 


a 
Lt 55°C 10 25°C) 


aT Ove FOR Vee i100) 


20 
Ic. COLLECTOR CURRENT (mA) 


10 


Motorola High-Frequency Transistors 


INGLD2 Vero = 30-50 V 


2NS253 Ces 


f; = 175-200 Mc 


2N3444 
NPN silicon annular transistors for high-current 
saturated switching and core driver applications. 
CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Types 
Characteristics ha ee 
tats Symbel waza 29259263444 


Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation 
25°C Case Temperature a 
Derate above 25°C 


Total Device Dissipation 
25°C Ambient Temperature 
Derate above 25°C 


Junction Operating Temperature Range 


Storage Temperature Range 


Thermal Resistance: 


SWITCHING CHARACTERISTICS 
ee 
Output Capacitance Cop 

(Voz = 10 Vdc, Ip = 0, f = 100 kc) 


Input Capacitance 
(Vep = 0.5 Vde, Ic = 0, f = 100 ke) 


Current Gain-Bandwidth Prodjct 
(Ig = §0 mAdc, Ver = 10 Vde, f = 100 mc) 2N3252 
2N3253, 2N3444 


Total Control Charge ** Qr nc 
(Ip = 500 mAdc, Ip; = 50 mAdc, Voc = 30 V) 
Delay Time Ic = 500 mAdc, Tp) = §0 mAdc 


Storage Time 


Vac = 30V, Von = 2V 2N3252 
ae as 2N3253, 2N3444 


I, = 500 mAdc, Ip = I50 = 50 mAdc 
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Motorola High-Frequency Transistors 


2N3252, 2N3253, 2N3444 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector Cutoff Current 
(Vcp = 40 Vde, Ig = 0) 2N3252 
(Vop = 40 Vdc, Ip = 0,T, = 100°C) 2N3252 
(VcB = 60 Vdc, Ip = 0) 2N3253, 2N3444 
(Vop = 60 Vdc, Ip = 0,T A= 100°C) 2N3253, 2N3444 


Emitter Cutoff Current 
(Vop= 4 Vdc, Ic = 0) 


Collector Cutoff Current 
(Vcg = 40 Vdc, Vop = 4 Vdc) 2N3252 


(Vog = 60 Vde, Vop = 4 Vdc) 2N3253, 2N3444, 


Base Cutoff Current 
(Vor = 40 Vdc, Vos = 4 Vdc) 2N3252 


(Vcr = 60 Vdc, Vop = 4 Vdc) 2N3253, 2N3444 


Collector-Base Breakdown Voltage 
(Ic = 10 “Adc, Ip = 0) 2N3252 
2N3253 
2N3444 


Collector-Emitter Breakdown Voltage * 
(Ic = 10 mAdc, pulsed, Ip = 0) 2N3252 
2N3253 
2N3444 


Emitter-Base Breakdown Voltage 
(Ig = 10 “Adc, Ic = 0) 


Collector Saturation Voltage * 
(Iq = 150 mAdc, Ip = 15 mAdc) 2N3252 
2N3253, 2N3444 


(I¢ = 500 mAdc, Ip = 50 mAdc) 2N3252 
2N3253, 2N3444 


(Ig = 1.0 Ade, Ip = 100 mAdc) 2N3252 
2N3253, 2N3444 


Base-Emitter Saturation Voltage * 
(Ic = 150 mAdc, Ig = 15 mAdc) 


(Ic = 500 mAdc, Ip = 50 mAdc) 
(ig = 1.0 Ade, Ip = 100 mAdc) 


DC Forward Current Transfer Ratio * 
(Ig = 150 mAdc, Vee = 1 Vdc) 2N3252 
2N3253 
2N3444 


(Ig = 500 mAde, Vog = 1 Vdc) 2N3252 
2N3253 
2N3444 


(Ig = 1 Adc, Vog = 5 Vde) 2N3252 
< ; 2N3253 
2N3444 


* Pulse Test: Pulse width ~ 300 sec, duty cycle= 2% 


lll saslid |; 
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Motorola High-Frequency Transistors 
2N3252, 2N3253, 2N3444 (Continued) 


os MINIMUM CURRENT GAIN CHARACTERISTICS 

a qa eee es) Bee 
a 
Cl A a oR aes er 


jt} tt ae 
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es ee 
mn Ea ae 
= a ee 
50 60 70 80 90 100 200 300 400 500 600 700 80 900 1000 
Ic, COLLECTOR CURRENT (mA) 
70 
50 
= 
S 30 
— 
= 
iw 
$s 20 6 Oe eee eee EEE 
o 
= 
z SEES FGA (ES EE EE Mora aes) GER BS Ese 
= Seo 
Pod es 


50 60 70 80 90 100 200 300 400 S00 600 700 800 300 1000 
LIMITS OF SATURATION VOLTAGES 


TYPICAL STORAGE TIME VARIATIONS 
l0OOf~T TIT | | | | TiTfeo 
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Cer SaaS 
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SATURATION VOLTAGE (VOLTS) 


t’,, STORAGE TIME (nsec) 
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8-157 


Motorola High-Frequency Transistors 


2NG279 thru 2ANG2OL2 Vero = 30V 
G, = 16-17 db @ 200 Mc 
NF = 3.5-5 db @ 200 Mc 
@ PNP germanium epitaxial mesa transistors for high- 


gain, low-noise amplifier, oscillator, mixer and fre- 
quency multiplier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristic lat 


Collector- Base Voltage 


Rating 
2N3279 


Rating 
2N3281 


Emitter -Base Voltage 


Collector Current ) mA 


Total Device Dissipation mW 
(25°C Ambient Temperature) 
Derate above 25°C 


Junction Temperature 


Storage Temperature 


Collector-Base BVcp9 Ic 7 100 HAdc, I, = 0 Vde 
Breakdown Voltage All Types 


Collector-Emitter BVcgs | 1, = 100 nAdc, Vp, 20 Vde 
Breakdown Voltage All Types 


BVCEO 


Collector-Emitter 


Ic = 2.0 mAdc, I, = 0 
Breakdown Voltage 


2N3279, 2N3280 
2N3281, 2N3282 
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Motorola High-Frequency Transistors 


2N3279 thru 2N3282 (Continued) 
ELECTRICAL CHARACTERISTICS (continued) 


|__Characteristic Sym in typ | Max | Unit | 


Collector Cutoff Current Vop = 10 Vdc, In = 0 
All Types 

Vop = 10 Vde, I, = 0,T, =+55°C 

2N3279, 2N3280 


1 Emitter Cutoff Current 


Ven = 0.75 Vde, Ic = 0 
2N3279, 2N3280. 
Vp = 0.5 Vde, Ic = 0 
2N3281, 2N3282 


DC Forward Current 
Transfer Ratio 


Voge =10 Vde, I. = 3 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


= 1.0 mAdc 
2N3279, 2N3280 
2N3281, 2N3282 


Collector-Emitter 
Saturation Voltage 


Base-Emitter 


Io = 5 mAdc, Ip = 1.0 mAdc 
Saturation Voltage 


2N3279, 2N3280 
2N328]1, 2N3282 


VBE (sat) 


Small Signal Forward 
Current Transfer Ratio Vee = 10 Vdc, In = 3 mAdc, f = 1 ke 
2N3279, 2N3280 
2N3281, 2N3282 


Collector-Base Vop 7 10 Vde, Ip = 0, f = 100 ke (Note 1) 
Capacitance 2N3279 
2N3280 thru 2N3282 


Collector-Base Time = 10 Vdc, Io = 3 mAdc, f = 31.8 mc 
Constant 2N3279, 2N3280 
2N3281, 2N3282 


Current Gain - Bandwidth Ve E= 10 Vdc, Ic = 3 mAdc 
Product 2N3279, 2N3280 
2N3281, 2N3282 


Maximum Frequency Vor = 10 Vdc, I, = 3 mAdc 
of Oscillation All Types 


Power Gain Vcr = 10 Vdc, Io = 3 mAdc, f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 

Noise Figure Vog = 10 Vade, Ic = 3 mAdc,f = 200 mc 
2N3279, 2N3280 
2N3281, 2N3282 

Power Gain (AGC) Voce =5 Vdc, I. = 20 mAdc, f = 200 mc 

(Note 2) 2N3279, 2N3281 
(Note 2) 2N3280, 2N3282 


Note 1. Cop is measured in a guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Vcore = 10 Vdc 
and I, = 3 mAdc operation. 
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Motorola High-Frequency Transistors 
2N3279 thru 2N3282 (Continued) 


- NEUTRALIZED POWER GAIN AND NOISE FIGURE versus 
POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT FREQUENCY 
200 


COMMON EMITTER 2N3279 2 3280 


G,, POWER GAIN (db) 

NF, NOISE FIGURE (db) 
G,, POWER GAIN (db) 

NF, NOISE FIGURE (db) 


0 6 2 4 6 8 10 #12 «#14 «©16)=«618—=«(20 


— 


le, COLLECTOR CURRENT (mA) » FREQUENCY (mc) 


Veso = 20-25 V 


2NG2O0 thru 2NG2ZOO G, = 14-16 db @ 200 Mc 
NF = 4-5 db @ 200 Mc 


PNP germanium epitaxial mesa transistors for TV 

and FM, RF and IF amplifier, oscillator and general 

CASE 22 purpose high-gain, low-noise amplifier applications. 
(TO-18) 


MAXIMUM RATINGS 


- = = 
Collector-Base Voltage 20 
Collector-Emitter Voltage 20 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

at Ta = 25°C 


Derate above 25°C 


Junction Temperature 


Storage Temperature Range 


Motorola High-Frequency Transistors 


2N3283 thru 2N3286 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


tance | Smt Tt 


Collector-Emitte: Io = 100 pAdc, Ver =0 
Breakdown Voltage 2N3283, 2N3284 


2N3285, 2N3286 
Collector Cutoff Current Veg = 10 Vde, Ip = 0 
oo Re SSC: 


DC Forward Current Vog =10 Vdc, Io = 3 mAdc 2N3283, 2N3284 
Transfer Ratio 2N3285, 2N3286 


AC Current Gain hee Vcrp = 10 Vde, Io = 3 mAdc, 2N3283, 2N3284 200 

Se 2N3285, 2N3286 200 
Output Capacitance Vep * 10 Vdc, I; = 0,f = 100 ke Note 1 }— | 10] as] oe | 
AC Current Gain Vog = 10 Vdc, Ig = 3 mAde, f = 100 me }25 | 4.0] eof —— 


e 
Collector-Base rp'C. | Vop = 10 Vde, Io = 3 mAdc, psec 
Time Constant f = 31.8 mc 
Maximum Frequency i. 3 
of Oscillation tina Nene) Viele =e ee re 


2N3283 


Noise Figure 


Power Gain (AGC) 


2N3284 


a oe 
Noise Figure NF 


= 200 mc 
Power Gain (AGC) 
Vor = 5 Vdc, Io = 20 mAde, f = 200 mc 
2N3285 


Power Output 
Ver = +12. Vde, f= 257 me 


2N3286 


es 


Vcg = 10 Vdc, Ic = 3 mAdc 
f = 200 mc 


Circuit Fig. 1 - Note 2 
Vcr = 5 Vde, In = 20 mAdc, f = 200 mc 


Veg = 10 Vdc, Ic = 3 mAdc 
f 


Vcg = 10 Vde, Ic = 3 mAdc 
Noise Figure |NF | f= 200 mc 


Wote 1. C,} is measured in a guarded circuit such that the can capacitance is not included. 
Wote 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Vog = 10 Vde and I, = 3 mAdc operation. 
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Motorola High-Frequency Transistors 


2N3283 thru 2N3286 (Continued) 


NEUTRALIZED POWER GAIN AND POWER GAIN AND NOISE FIGURE versus 
NOISE FIGURE versus FREQUENCY e COLLECTOR CURRENT 200 mc 
COMMON EMITTER Ve, = 10V COMMON EMITTER 
neutralization and tuning set at 


3 3 a 
= w 8 re 
3 30 ze = 5 
: = 8 2 
2 20 as § 2 
$ =z ¢= S 
°o ut a = 
10 a 4 oe aed = 
a= | TS 
0 a a 0 
20 40 60 100 200 400 600 1000 2000 0 r 4 6 3 10 2 41 16 18 20 
f, FREQUENCY (mc) le, COLLECTOR CURRENT (mA) 
200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
SHIELD 
) 
1 
i 
| 
Tel CN 7-9" 
‘ L-l GUT 
= i 
r 
( .7-9* 28 soa 
7 = Ft 
_! 
-— = 470 
: a 
509 
= 28 
L O01 yf 
NOTES: > 
L-1 % inch inside diameter, ¥ inch length, 4 turns #20 solld copper wire, 3.9yh 
center tapped. 
T-1 % inch inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 
ratio bi-filler wound. 470 
* High Quality piston type capaciter. 
Distance from emitter contact of transistor to ground side of bypass capaci- ¥ cs 
tor should be kept minimum le —Vee 


L, — 4 TURNS OF # 22 NYKLAD WIRE SPACED FOR 257 MC. COIL FORM 7/32” CENTER 
RFC — 24 TURNS #30 NYKLAD WIRE CLOSE WOUND 
ALL CAPACITORS ARE CERAMIC TYPE 
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8.0 pf 


Motorola High-Frequency Transistors 


G, = 17 db @ 200 Mc 
NF = 6-7 db @ 200 Mc 


NPN silicon annular transistors for high-gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
tiplier applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


2N3287 2N3289 
Characteristic = 2N3288 2N3290 Unit 


Collector - Base Voltage 


Collector - Emitter Voltage 


Collector - Emitter Voltage 


Emitter - Base Voltage 


Power Dissipation at 25°C Case 
Above 25°C derate 1.71 mW/°C 


Power Dissipation at 25° C amb. 200 mW 
Above 25°C derate1.14 mw/°C 
Storage Temperature “oo -65 to +200 | -65 to +200 


200 MC TEST CIRCUIT: POWER GAIN, NOISE FIGURE, & AGC 


L1-6 turns of #16 tinned wire; 346” ID; Air wound; winding length %4”; T,-3 turns primary and secondary Bifilar wound (close wound) on 4” 
Voc feeds tap 4% turns from collector end; output tap 3% turns ceramic form (cambion type) with brass slug. #22 enameled wire. 


from collector end. 
P)-General Radio 874 G6 Pad (6 db) 
Po-General Radio 874 G6 Pad (6 db) 
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Motorola High-Frequency Transistors 


2N3287 thru 2N3290 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


Test Conditions 


Coliector-Base Breakdown es BYcgo Ig = 10 Ade, Ig = 0 

2N3287, 2N3288 
2N3289, 2N3280 
Collector-Emitter Breakdown Voltage | BV, Ie 2 10 pAde, Vap = 0 
= e 2N3287, 2N3288 
2N3288, 2N3290 


qa 


Collector-Emitter Breakdown Voltage Io = 2.0 mAdc, Ip = 0 


2N3287, 2N3288 
2N3289, 2N3280 


Emitter-Base Breakdown Voltage 
Collector Cutoff Current 


te 10 wAde, I, = 0 


= 15 Vdc All Types 
vee = 15 Vde, T= 160°C 2N3287, 2N3288 
DC Forward Current Transfer Ratio Voge = 10 Vde, Io = 2 mAdc 
2N3287, 2N3288 
2N3289, 2N3290 


Collector-Emitter Saturation Voltage | Vog (ga)| Ic = 5 mAde, Ip = 0.§ mAdc 


2N3287, 2N3288 
2N3289, 2N3290 


Base-Emitter Saturation Voltage VBE (sat) = 5 mAdc, Ip > 0.5 mAde 
2N3287, 2N3268 
2N3288, 2N3290 


Vor * 10 Vdc, Ig = 2 mAde, f= 1 ke 
2N3287, 2N3288 
2N3289, 2N3290 


Vop = 10 Vde, Ip = 0,f = 0.1 me (Note 1) © 
a 2N3287 
2N3288 thru 2N3290 


Vop 7 10 Vde, Ic = 2 mAde, f = 31.8 mc 
2N3287, 2N3288 
2N3289, 2N3290 


AC Current Gain 
Output Capacitance 


Collector-Base Time Constant 


Current Gain - Bandwidth Product Vor 2 10 Vdc, Ig = 2 mAdc 


3 


2N3287, 2N3288 
2N3289, 2N3290 


Maximum Frequency of Oscillation | f,... | Vog 210 Vde, Ic = 2 made 


All 


2N3287, 2NS3288 

2N3289, 2N3290 
Power Gain (AGC) Veg 2 5.0 Vde, In = 20 mAdc, f = 200 mc 

2N3287 

2N3289 

2N3288, 2N3290 


Note 1. Cop ig measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Veg = 10 Vdc, Ic = 2 mAdc operation. 


NEUTRALIZED POWER GAIN AND POWER GAIN AND NOISE FIGURE 
NOISE FIGURE versus FREQUENCY versus COLLECTOR CURRENT 


Common emitter: f = 200 mc 


(neutralization and tuning set 
at Veg = 10V, Ie = 2 mA) 


i a 
a} [YT ) ca oat 
3 A s § s 
= q = = 2 
S ha a S = 
= g 2 g Pa 
a a s § 2 
is ai 2 = 

Be 
10 20 40 60 100 200. 400 600 1000 2000 4000 
f, FREQUENCY (mc) le sae anion (mA) 
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Motorola High-Frequency Transistors 


2No2q1 thru 2no294 () Vcso = 20-25 V 
G, = 14-16 db @ 200 Mc 
NF = 8 db @ 200 Mc 


NPN silicon annular transistor for TV and FM mixer, 


RF and IF amplifier and general-purpose, low-noise, 
high-gain amplifier applications. 
CASE 22 


(TO-18) 


‘MAXIMUM RATINGS 


Characteristic 
Collector - Base Voltage Vcpo 
Collector - Emitter Voltage VcrEs 


Volts 
Volts 


Volts 


°c 


Power Dissipation at 25°C Amb. a 
Above 25°C derate 1.14 mW/°C 

Junction Temperature +200 

Storage Temperature -65 to +200 


> 


NEUTRALIZED POWER GAIN POWER GAIN AND NOISE FIGURE versus COLLECTOR CURRENT 
AND NOISE FIGURE versus FREQUENCY 
Veg = 10 Vde, Ie = 2 mAdc 


Common emitter: { = 200 mc 
(neutratization and tuning set 
at Veg = 10V, Ip = 2 mA) 


_ oe a : 
Ss ww 2 3 = 
= 30 22 
sr | | Ne | = 5 2 
: s £ : 
2 20 a] sc = Ss 
. z= a = 
es 3 us 
ee (eae ee Siesta) = 

ae ae a 1 es 

oe et tT INA J, 

10 20 40 60 1060 200 400 600 1000 2000 4000 0 2 4 6 8 10 12 14 16 18 20 

FREQUENCY IN MEGACYCLES Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3291 thru 2N3294 (Continued) 


ELECTRICAL CHARACTERISTICS Ta = 25°C unless otherwise noted 


Collector-Emitter 
Breakdown Voltage 


Ic = 25 wAdc, Vpp = 0 
2N3291, 2N3292 
2N3293, 2N3294 


VEB = 0.5 Vde, Ic = 0 


Vor = 10 Vdc, Io = 2 mAdc 


= 10 Vdc, Ic = 2 mAdc, f = 1 ke 


= 10 Vdc, I, = 0,f = 100 ke, Note 1 


Ime] | Vog = 10 Vde, Ip= 2 mAdc 
: f = 100 mc 
Collector-Base Time . Vop = 10 Vde, Io psec 
Constant f = 31.8.mc | 
Maximum Frequency — Veg = 10 Vde, I, = 2mA . 2000 
of Oscillation 


Vog = 10 Vdc, Ic = 2 mAde, 
f = 200 me 


VcE = 10 Vdc, Ic = 2 mAdc 
f = 200 mc 


Note 2 
Vog = 5 Vdc, Io = 20 mAdc 
f = 200 mc 


10 Vdc, Ic = 2 mAdc 
f = 200 mc 


Note 1. Cop is measured in guarded circuit such that the can capacitance is not included. 
Note 2. AGC is obtained by increasing Ic. The circuit remains adjusted for Vog = 10 Vdc, Ic = 2 mAdc operation. 
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Motorola High-Frequency Transistors 


Gpp= 17 db @ 30 Mc Typ 


2N3295 P, = 0.3 W PEP @ 30 Mc 
1, = 32 db @ 30 Mc 


NPN silicon annular Star transistor for linear am- 
plifier applications from 2 to 100 Mc. 
CASE 31 
(TO-5) 


MAXIMUM RATINGS (Note) 


— 
Yopo 
[Collector-Emitter Voltage | Vous | 0 
[Bmitter-Base Voltage | Yepo | 5 | —Vde_ 
a 
ei 


Base Current (Continuous) 


Total Device Dissipation 
(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 


Junction Temperature Range T; | -65 to 175 


Storage Temperature Range 


Note The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N3295 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


2 a ~ 
a| 2 
Qa; 0 


Collector Cutoff Current Topo Vopr = 50Vdc, I, = 
Emitter Cutoff Current 


= 150mAdc, 
= 10Vdc * 


Viep = 5 Vac, I, = 0 (bad, 


Base-Emitter 
Saturation Voltage 


Collector-Emitter 
Sustain Voltage 


Collector-Emitter Open 
Base Sustain Voltage 


AC Current Gain 


Collector Output 
Capacitance 
| Power Input (PEP) (Note 1) 
-| Intermodulation 
Distortion Ratio 
Efficiency 


* Pulse= 100 usec, Duty Cycle = 2% 
Note 1. PEP. Peak Envelope Power 


Pout 70-3 Watts PEP | 14 [17] ~~ | ab 
(0.15 W rms) 
ce dC) ee 
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2N3295 (Continued) 


Ie, PEAX COLLECTOR CURRENT (mA) 


Pous. POWER OUTPUT (WATTS - PEP) 


Pout. POWER OUTPUT (WATTS - PEP) 


SAFE OPERATING AREA 


Sea Veeaewee 
[ee oe a 


0.5 aon ie WIDTH 
TY CYCLE 


PT INE TT TN YT goer 
EN 


Vc, COLLECTOR - EMITTER VOLTAGE (VOLTS) 


sri POWER OUTPUT-FOR GIVEN I,, DISTORTION LEVEL 


TET Cate eds 
Saas 


In ‘gitar DISTORTICN (db ae SIGNAL) 


10 20 30 40 30 60 


Pout POWER OUTPUT (WATTS - PEP) 


Motorola High-Frequency Transistors 


Pout, POWER OUTPUT (WATTS - PEP) 


POWER OUTPUT versus FREQUENCY 


0.1 Nea 
a rh 
0.08 TT’ 
0.06 =aaan se 
, +4 = to 
0.04 Yt | 
SEH SAE 
iis = BLT ANAT 
maak 
40 60 80 100 
{, FREQUENCY (MC) 
POWER OUTPUT versus OPTIMUM BIAS 
: anne ee 
vans] [| | [4] [| 
° mon | AL [iL 
0.3 
0.2 


3.0 3.2 3.4 3.6 38 40 
Ictept). OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mAdc) 


OUTPUT CHARACTERISTICS versus POWER INPUT 


. COLLECTOR EFFICIENCY (%) 


Pin. POWER INPUT (mW — PEP) 


Pave POWER OUTPUT (WATTS - PEP) 
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0.5 


Fs ed a a Ea 
ct 


n, COLLECTOR EFFICIENCY (%) 


MINIMUM I, DISTORTION 
Veer 15 Vdc 


ne 
CEP Ere), 
.05 0.1 0.15 0.25 
P. . POWER INPUT (mW — PEP) 


Motorola High-Frequency Transistors 


P, = 3 WPEP @ 30 MC 
2No296 |, = 35 db @ 30 Mc Typ 


NPN silicon annular transistor for linear amplifier 
applications from 2 to 100 Mc. 


tharacterste | Symbol |Rating | it 
Collector-Base Voltage Vapo | 60 Vdc 
Collector-Emitter Voltage _ Vors | 60 | Vie 
Emitter-Base Voltage Ves | Vde 


: 
ico 
1.0 fae ren 
0 


Total Device Dissipation 
(25°C Case Temperature) 
Derating Factor above 25°C 


Total Device Dissipation at 
(25°C Ambient Temperature) 
Derating Factor above 25°C 


Junction Temperature 


Storage Temperature Range 


Note 1: The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
Note 2: PEP = Peak Envelope Power. 
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Motorola High-Frequency Transistors 


2N3296 (Continued) 


ELECTRICAL CHARACTERISTICS 


Characteristic | Symbol | 
Collector - Emitter Sustain Y CEs(sus) | 
Voltage 


Collector Emitter-Open "CEO(sus) | Ic = 9- 200A, IB = 0 
Base Sustain Voltage 


Collector-Emitter Current 


Collector-Cutoff Current 


. 4 li 
Emitter-Cutoff Current v = 7 a 


Vor = 50Vdc, Var = 0 


DC Current Gain sisi 
Cc 
= 2.0Vdc, 
= 400mAdc 
Collector-Emitter = A 
Saturation Voltage 
Emitter-Base : v 
Saturacuon Voltage 
AC Current Gain 


Collector Output 
Capacitance 


I 


Vop = 25Vde, 1, = 0, 
f = 100ke 


= 2.UVdc,. 


Pui = 3.0 Watts (PEP) 
(1.5 W rms) 


ae 30 Volts, f = 30mc 
=125mA 


Vo 


I 
Efficiency C(max) 


*Pulse Test. Pulse Width = 100 wsec. Duty Cycle = 2%. 
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2N3296 (Continued) 


Pour POWER OUTPUT (WATTS - PEP) le, PEAK COLLECTOR CURRENT (mA) 


Powe, POWER OUTPUT (WATTS - PEP) 


SAFE OPERATING AREA 


0 10 20 30 4 50 60 70 80 
Vcc , COLLECTOR - EMITTER VOLTAGE (VOLTS) 


MAXIMUM POWER OUTPUT FOR GIVEN 1,, DISTORTION LEVEL 
5 


20 ri) 30 35 40 
Im. INTERMODULATION DISTORTION (db BELOW SIGNAL) 


Motorola High-Frequency Transistors 


Pout, POWER OUTPUT (WATTS - PEP) 


$0 


Puts POWER OUTPUT (WATTS - PEP) 


POWER OUTPUT versus FREQUENCY | 


60 80 100 
- FREQUENCY (MC) 


POWER OUTPUT versus OPTIMUM BIAS 


MINIMUM |, DISTORTION 


ia moe 
ie 
The CELT 
io 


8 10 12 4 


oe OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mide). 


OUTPUT CHARACTERISTICS versus POWER INPUT 


30 MC 


i a 
eer tt 
a 


0 
0 20 40 60 80 100 
P in. POWER INPUT (mW — PEP) 


n, COLLECTOR EFFICIENCY (%) 
Poy POWER OUTPUT (WATTS - PEP) 
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4 Mc 


v, COLLECTOR EFFICIENCY (%) 


0 
0 4 8 12 16 20 
P i. POWER INPUT (mW — PEP) 


Motorola High-Frequency Transistors 


Gp:= 13 db @ 30 McTyp 
P, = 12 W PEP @ 30 Mc 
|, = 33 db @ 30 McTyp 


2No297 


NPN silicon annular transistor for linear amplifier 
applications for 2 to 100 Mc. 


CASE 1 
(TO-3) 


MAXIMUM RATINGS 


ae 
[Powerit =) 


Total Device Dissipation 
@ 25°C Case Temperature 


Derating Factor above 25°C 


Note: The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical characteristics 
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Motorola High-Frequency Transistors 


2N3297 (Continued) 
ELECTRICAL eS (At 25°C Ambient unless otherwise noted) 


=e ee 
Collector-Emitter VoEs(sus). = 0,250A, Roe = Volts 
Sustain Voltage 
Collector Emitter-Open Voro(sus) = 0. 250A, In olts 
Base Sustain Voltage 


V 


= 60Vdc, Varo 


CE™ 50Vdc, VBE = 0, 


= +175°C 


Collector-Cutoff Current — = 50Vdc, ie Ske 
Emitter-Cutoff Current | Tepo |Y EB 3Vdc, Ia 7 -- [== |100 | Adc | 


= 400mAdc, 
DC Current Gain = 2Vdc 
= 2Vdc 


Collector-Emitter Ver(sat) |1c=14d¢, 1, = 500mAdc 0.5 | Vde 
Saturation Voltage 


CE 


Collector-Emitter 
Current . 


< 


Saturation Voltage 
Vor = 2Vdc, 


Io = 400mAdc, f =50mc 


Collector Output Vor = 25Vdc, In = 


Capacitance 


f = 100kc 


Power Input (PEP) 
Note 2 
= 12 Watts PEP 


oom aaa 


Intermodulation = 30 Volts, f = 30mc 
Distortion Ratio aa 0.50 Amp 


* Pulse Test: Pulse Width = 100usec, Duty Cycle =2% 
Note 2. PEP. Peak Envelope Power 
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Motorola High-Frequency Transistors 


2N3297 (Continued) 


SAFE OPERATING AREA POWER OUTPUT versus FREQUENCY 
ae Fam Fa Oe De 


oa 


2 & 
¢ | 
3 = 6 
FS = 
3 = 4 
: : 
3 3 
a. a4 
ay er 
. 1 
0 wb’ 20 30 4 «458 46 £2 8 10 20 3 80 100 300 
Vee, COLLECTOR - EMITTER VOLTAGE (VOLTS) ; f, eames (MC) 
MAXIMUM POWER OUTPUT FOR GIVEN |,, DISTORTION LEVEL POWER OUTPUT versus OPTIMUM BIAS 
30 
a aa a ee 
ye 4 +} | im DISTORTION 
& = veri a & : 
20 
E =K RS i a BE *TVYe-mme TT | TT 
Es a an ae 5 a ee ee ee ee ee ee ee 
3 3 a ae ee ee ee 
> 10 = 
3 4 
a a 
5 
0 
20 25 30 35 40 45 
In. INTERMODULATION DISTORTION (db BELOW SIGNAL) lcjops), OPTIMUM NO — SIGNAL COLLECTOR CURRENT (mAdc) 


OUTPUT CHARACTERISTICS versus POWER INPUT 
4 MC 


Fe Ee Ms ye 
[ miniwum ig oisrornon | | | | | 
-ttj+4++4 


[an tae 


fee 
esse eee eee 
LAA Trees | | Tt tT | 


Pout, POWER OUTPUT (WATTS - PEP) 
n, COLLECTOR EFFICIENCY (%) 
Pout. POWER OUTPUT (WATTS - PEP) 
7) 
3 
n, COLLECTOR EFFICIENCY (%) 


0 
A 0 0.02 0.04 0.06 0.08 010° 0.12 0.14 0.16 0.18 
P in, POWER INPUT (WATTS - PEP) Pin , POWER INPUT (WATTS - PEP) 
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Motorola High-Frequency Transistors 


Vers = 25 V 
2No298 P, = 60-100 mW @ 80 Mc 


NPN silicon annular transistor for power oscillator 
CASE 22 applications to 150 Mc. 


(TO-18) 
Rating 


MAXIMUM RATINGS 


Characteristic | Symbol 
Collector-Base Voltage 
Ves 
Io 
Po 
Ty 


d 
d 


25 | Vie 

a 

| 30 | vac | 

_ 100 | mA 
6.6 C 


Watt 
| mw/° 


vee | 
m 


Derate Above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature) 


O 
Collector-Emitter Voltage Ss 
Emitter-Base Voltage 
Collector Current p Ig 
Total Device Dissipation 
(25°C Case Temperature) 
Watt 

Derate Above 25°C 2mW/°C mW/°C 

Storage Temperature Range ; el -65 to +175 

80 MC OSCILLATOR POWER OUTPUT TEST CIRCUIT 

2N3288 


12 pf 


R, 
509 
j BOLOMETER 


L, — 4 TURNS #22 WIRE 
ON 44” COIL FORM 


-—12V © 
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Motorola High-Frequency Transistors 


2N3298 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


Collector-Emitter BV I =25uAdc, V,,=0 
* = = 

mt aaacee aa 

Icpo 

Cc 


Smarts [Ponerfemme fe 
Vopzl0 Vae, 1,=0, T,=150°C 
ries 
Perit emme fw 


ee SB 
Collector Output Capacitance Vopz 10 Vdc, 1,=0, f=100 kc 


f=80 mc 
V,212 Vdc 


cc 


Efficiency 


*Pulse Width = 300 ywsec, Duty Cycle=2% 


NORMALIZED DC CURRENT GAIN fr versus COLLECTOR CURRENT 


2s anl 
ALT 


versus AMBIENT TEMPERATURE 


SECIREENS 


bya, NORMALIZED DC CURRENT CAIN 


fr, GAIN-BANDWIDTH PRODUCT (MEGACYCLES) 


06 
—7§ —§0 —25 O +25 +50 +75 +100 +125+150 +175 


Ta, AMBIENT TEMPERATURE (°C) I-, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


Gre = 17 db @ 200 Me 
2nNooO/ NF = 5-6 db @ 200 McTyp 
2N3308 


PNP silicon annular transistors for high-gain, low- 
noise amplifier, oscillator, mixer and frequency mul- 
beta Tt tiplier applications. 


MAXIMUM RATINGS 


Characteristics 


[cntaaor-taiterYotaee | You | 


Collector Current 


= 25°C 


Power Dissipation at To 
Above 25°C derate 


Power Dissipation at T A” 25°C 
Above 25°C derate 


COMMON EMITTER AVERAGE SMALL POWER GAIN 
& NOISE FIGURE versus COLLECTOR CURRENT 


NOISE FIGURE versus FREQUENCY 


Vep= —10 Vee o———— TUNEDAT Ic . ~2 mAdc ONLY. 
f— 200 me 


——— TUNED AT EACH TEST CURRENT. 


NF, NOISE FIGURE (db) 


Ie = —2mAde 
Re — 50 ohms 


G,. & NF, POWER GAIN & NOISE FIGURE (db) 


0 
—2 -4 -6 -B -10 .--12 -14 -16 —18  -20 20 30 50 70100 200 300 500 


Ie, COLLECTOR CURRENT (mAdc) f, FREQUENCY (mc) 
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Motorola High-Frequency Transistors 


2N3307, 2N3308 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


| haracterstis | Symbol _] 


Collector-Base Breakdown Voltage 
Collector-Emitter Breakdown Voltage BVors 
Collector-Emitter Breakdown Voltage I. = -2.0 mAdc, 3? 0 
2N3307 
2N3308 
Emitter-Base Breakdown Voltage BV ono In = -10 pAdc, Io 20 Beth Types fe | 
Vor g8 
Vv 


Test Conditions 


= -10 Ade, I, = 0 


I 
2N3307 -40 
I 


Cc 
¢ 2-10 uAde, V3, = 0 
Cc 


Collector Cutoff Current , Vos = -15 Vdc Both Types 
Von 2-15 Vde, T = 150 °C 2N3307 

DC Current Gain Vog 7-10 Vde, I, = -2 mAdc 
2N3307 
2N3308 
Collector-Emitter Saturation Voltage eae Io = -3 mAde, I = -0.6 mAdc Both Types 


Base-Emitter Saturation Voltage Io = ~3 mAdc, uy = -0,6 mAdc 


AC Current Gain Vor = -10 Vde, Io = «2 mAdc, f= 1 ke 
2N3307 
2N3308 
Output Capacitance Von = «10 Vdc, In 20, f£=0.1 me 

2N3307 

: 2N3308 
Collector -Base Time Constant Vop = -10 Vdc, Io = -2 mAdc, f = 31.8 me psec 

2N3307 

2N3308 


Current Gain-Bandwidth Product Vog=-10 Vde, Ip =-2mAde, f=100me Both Types | 300 | — | 1200 | me | 
See ae We Ce Se 


Vog = -10 Ve, Ip=-2mAde, £=200me Both Types | 17 | — | 24 | a | 


e 
Noise Figure Vap = -10 Vde, I, = -2 mAde, f = 200 me 
CE "Cc i 2N3307 4.5 
2N3308 6.0 
Power Gain (AGC) Vor = -5,0 Vde, Io = -20 mAdc, f = 200 mc 
2N3307 
2N3308 


Note 1. C ob is measured in guarded circuit such that the can capacitance is not included. 


Note 2, AGC is obtained by increasing Io. The circuit remains adjusted for Vor 2 -10 Vde, Io = -2 mAdc operation. 


SMALL SIGNAL CURRENT GAIN versus FREQUENCY MAXIMUM AVAILABLE GAIN versus FREQUENCY 


40 


8 es 
= 20 = a 
= =z 
= 3 SS 
: : x | 
= 
& 2 pS 
z 2 Weel? = Se 
* g saa "SE 7 
Pd = 


2 a 


Boo 
0 TTT EL EL 
20 30 50 70 100 200 300 500 


f, FREQUENCY (me) f, FREQUENCY (mec) 
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Motorola High-Frequency Transistors 


2N3309 Gp; = 8 db @ 250 Mc Typ 
P,=2.W @ 250 Mc 


NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


os 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Total Device Dissipation at 
25° Ambient 
(Derating Factor above 25°C) 


Junction Temperature Se 
Storage Temperature Range 


-65 to +175 
NOTE: 


The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See Electrical 
Characteristics. 


mwW/°C 


Watts 
mwW/°C 


POWER OUTPUT versus 
COLLECTOR EMITTER VOLTAGE (250 mc) 


G,, Power Gain (db) 
Poste Power Output (Watts) 


0 100 200 300 400 §00 600 
P,., Power Input (mW) Ver, Collector-Emitter Voltage (Volts) 
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Motorola High-Frequency Transistors 
2N3309 (Continued) 
ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristics | Symbol | Test Condition 


Collector Emitter-Open Base Vv * 1, =100mA, I, =0 
logs Vor 7 50 Vde, Vip = 0 
Vog ° 25 Vdc, Vap = 0 
Ta = +150°C 
eel 


Yop" 25 Vde, 5, = 0 


DC Current Gain "I, = $0 mAde, 
= 2.0 Vde 
I, s 250 mAdc, 
Vor s 2.0 Vdc 
Collector-Emitter Saturation Vox, eat) In 2 250 mAdc, i, = 65 mAdc" 
Voltage 


£235 Vde 


Collector-Emitter Current 


Collector -Cutoff Current 


Vo 
I, = $0 mAde, f = 100 me 


Vop 7 15 Vde, = 9, 
f= 100 ke 


P,,, 7 400 mW max, f = 250 mc 


Voog 7 28 Vdey Ioynag) © 160 mA 


* Pulse Width = 100 gsec, Duty Cycle = 2% 
** In functional test, Pout is fixed at 2.0 watts and Pin is monitored to be 400 mW maximum. 


POWER versus FREQUENCY OUTPUT CHARACTERISTICS (250 mc) 
2.5 125 
‘\ 
Voy = 25 Vde Py 
y hw 

2.0 Az 70 100 
= a ~ = 
= = S) c 
= £5 60.8 75 © 
a ~- =— 
3 3 cS 
- a s 3% 
: : 5 68 
r 2 10 505 50 5 
= 3 

a 
0.5 40 25 
0 30 0 
100 200 300 400 500 600 700 0 100 200 300 . 400 500 
{, Frequency (mc) Pia. Power Input (mW) 
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Motorola High-Frequency Transistors 


| Gpe= 7.4 db @ 250 Mc 
2n3309A P,=2.2W @ 250 Mc 


NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. 


CASE 24 


Characteristic 
Collector-Base Voltage 


Total Device Dissipation 
(25°C Case Temperature) 
(Derating Factor Above 25°C) 


Total Device Dissipation at 
25° Ambient 
(Derating Factor Above 25°C) 


Junction Temperature 
Storage Temperature Range 


Note: The maximum ratings as given for DC conditions can be exceeded on a 
pulse basis. See Electrical Characteristics. 
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Motorola High-Frequency Transistors 


2N3309A (Continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic | Symbol | TEST CONDITIONS | Min | Typ] Max | Unit 
Collector-Emitter Sustain Voltage VoEs(sus ) Io = 50mA, RR, = 0 joo |-- |-- fvons 
Vv 


BE 
Collector Emitter-Open Base L. - 100mA. I. = 0 


Collector-Emitter Current lors 


* 
* 
Collector-Cutoff Current lug O 


DC Current Gain 


Collector-Emitter Saturation V 
Voltage CE(sat) 
Emitter-Base Saturation Voltage VBE (sat) 


AC Current Gain Vor = 15 Vdc 


Cc rt ’ 
In = 250 mAdc, In = 50 mAdc 


I. = 250 mAdc, IB = 50 mAdc 


c= 30 mAdc, f = 100 mc 


Collector Output Capacitance V = 15 Vdc, I 


CB 
Power Output Pout 


f = 100 kc 


*Pulse Width = 100 psec, Duty Cycle = 2% 


EB 


TEST CIRCUIT 
Pe = 400 mW max, f=250 mc 


= 25 Vdc, I =176 mA 


C(max) 
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Motorola High-Frequency Transistors 


INSSLS voo ==> 


G, = 11 db @ 100 Mc 


2NGo24 
2Ndo29 
PNP germanium epitaxial transistors for FM RF, 
IF, mixer and oscillator and AM RF, IF and converter 
CASE 22 Seen 
(TO-18) applications. 


MAXIMUM RATINGS 


— ar 
eacereevenw [Yew | # 
concern | Yom |» | vo 


Emitter-Base Voltage 


Collector Current 


Total Device Dissipation 
25°C Case Temperature 
Derate Above 25°C 


Total Device Dissipation 
25°C Ambient Temperature 
Derate Above 25°C 


Junction Temperature 


Storage Temperature Range ; 


en 
TINE ETT 
eT AN 
PTT ON Gatteureatizen || TUTTTT 
PT NTT 
phe TT PINOT ETT), 
eT NTT 

eh ll 
TEN ET 
TT NATTA TTT, 
|| vce=tovee | | INU NTT 


Tie seas TTT NACI 0 
» CC SON, 


10 20 4060 10 20 40 60 100 200 400600 1000 
f, FREQUENCY (me) 


POWER GAIN AND AC CURRENT GAIN versus FREQUENCY 


AC CURRENT GAIN (db) 


G,, POWER GAIN (db) 


Ne. 
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Motorola High-Frequency Transistors 


2N3323 thru 2N3325 (Continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise noted) 


es es 
Collector-Emitter BVoeR Ic = 100 wAdc, 
Breakdown Voltage Ror = 10K 
Collector-Emitter I. 
Current 7 


Collector Cutoff Current 


Emitter Cutoff Current 


DC Current Gain 


AC Current Gain 


Current-Gain — 
Bandwidth Product 


Collector-Base Time 
Constant 


Output Capacitance 


Maximum Frequency 
of Oscillation 

Input Resistance, 
Parallel Equivalent 


Output Resistance, : 
Parallel Equivalent 


Input Resistance, 
Parallel Equivalent 


Output Resistance, : 
Parallel Equivalent 


CE* 10 Vdc, 
To = 3mAdc 
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Motorola High-Frequency Transistors 


2N3323 thru 2N3325 (Continued) 


ELECTRICAL CHARACTERISTICS (continued) 


a Bd 


2N3323 
Test Circuit Fig.1 
Vag = 10 Vde, 
Power Gain G, oe 3 mAdc 
f = 100 mc 


2N3324 


Test Circuit Fig. 2 
V 
Power Gain CE 


= 10 Vdc, 


Io = 3 mAdc 


f=10mc 


FIGURE 1: 100MC POWER GAIN TEST CIRCUIT — 2N3323 


7-45 pt 
, — 11 TURNS #28 AWG. 3/167 ID. 
SUPPLY TAP 7 TURKS FROM 


END. 
NEUTRALIZATION — 4 TURNS. 


51 pt 


cy 
P 


L, — 24 TURNS OF #28 AWG WIRE. “ Vos 
LOAD TAP — 5 


Motorola High-Frequency Transistors 


P, = 2.5 to 13.5 W @ 175 Mc 
2n3375 G, = 48-10 db @ 175 Mc 
2N3553 


2N3632 
NPN silicon annular transistors for high-power am- 


plifier and oscillator applications at VHF and UHF. 


CASE79 CASE 36 
2N3553 2N3375 
2N3632 


MAXIMUM RATINGS 


Characteristic 


Collector-Base 
Voltage 


Collector-Emitter 
Voltage 


Emitter-Base 
Voltage 


Total Device 
Dissipation 
(Up to 25°C Case Temp. ) 


Derating Factor ° 
(Above 25°C Case Temp. ) 


Storage and Operating 
Temperature 


-65 to +200 


RF AMPLIFIER CIRCUIT FOR 2N3553 


POWER-OUTPUT TEST 
(50- & 175-Mc Operation) 


For 50-Me Operation: 
Cy,C2: 24-200 pf L1: 5 turns No.16 wire, 


C3: 32-250 pf 1/4" ID, 1/2" long 
Cy C4: 7-100 pf La: Ferrite choke, Z = 450 ohms 
Pin wa Cs: | ,800 pf, es i — m - 
by sc ceramic : 6 turns No.20 wire on 3,’8" 
gee OvMS) (2°50 OHMS 4 ‘ 
: : C6: 2,000 pf ers 8 tuned), 
7 ce ya Ry: 1.35 ohms, non-inductive 


(emitter grounded for 
13.5-volt operation) 


For 175-Mc Operation: 


C1,C2,C3,C4: 3-35 pf Lg: 2 turns No.16 wire, 1/4" ID, 
Cs: Not used 174* long 
; Cg: 1,000 pF ei ee 
_ ees tee. C7: 0.005 Hf, Ry: Not used 
disc. ceromic (emitter connected 
L}: 2 turns No.16 to ground) 
wire, 3/16" ID, 
1/4" long 
Lo: Ferrite choke, 


F 
Z = 450 ohms 
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Motorola High-Frequency Transistors 
2N3375, 2N3553, 2N3632 (continued) 


RF AMPLIFIER CIRCUIT FOR 2N3553 
POWER-OUTPUT TEST 
(260-Mc Operation) 


Cy 


Pin 
OSCILLATOR CIRCUIT FOR 2N3553 OR 2N3375 (2ge30 Ons) % by 
POWER-OUTPUT TEST p 
(S00-Me Operation) (2,50 OnMS) 
+Vec? 28 V 


82C8-12740 
Cy Ca: 1.5-20 pf Lo: arte: Sea cobpet 
} Ca,Cq: 3-35 pf ‘ meee a ne 
~Veg?0-20 V 92¢3-1276m cs \ sa ¢ 3: Oo scant 
6: y La: 1/2 turn 3/16" wide 

: di se: eee < “oppor strip, 1/4" ID 

). 4 turns No.16 wi Le: 2 turns 3/16" wide 
3/8" 1D, 3/8" long 5 copper strip, 1/4" ID, 

1/2" long 


ELECTRICAL CHARACTERISTICS (at 25°C) 


Collector-Cutoff Current 
(Van = 30 V, I, = 0) 2N3375 
CE “B 2N3553 
2N3632 


Collector-Base Breakdown Voltage 
(Iq = 0.1 mA, I, = 0) 2N3375 


(I, = 0.3 mA, I, = 0) 2N3553 
(Ig = 0.5 mA, I, = 0) 2N3632 


Collector-Emitter Breakdown Voltage 
(I, = 200 mA, I, = 0) 2N3375 
2N3553 

2N3632 


Emitter-Base Breakdown Voltage 


(I, = 0, I; = 0.1 mA) 2N3375 
I = 0, In = 0.1 mA) 2N3553 
(I, = 0, “ = 0.25 mA) 2N3632 


Collector-Emitter Saturation Voltage 


(I, = 500 mA, I, = 100 mA) 2N3375 
(I, = 250 mA, I; = 50 mA) 2N3553 
(Ig = 500 mA, I, = 100 mA) 2N3632 


Gain-Bandwidth Product 


Vop=28v, 1,150 mA) 2N3375 
(VR=28V, I,=100 mA) 2N3553 
(Vop=28V, 1,=150 mA) 2N3632 


Power Output 


(P,,=1W, f= 400 Mc, Vo, 


= 28 V) 2N3375 


(P = 0.25 W, f= 175 Mc, Vor = 28 V) 2N3553 
(Pi, = 3.5 W, f= 175 Mc, Vor = 28 V) 2N3632 


Efficiency 
(Pi, = 1W, f= 400 Mc, Vor = 28 V) 2N3375 


(P, . = 0.25 W, f= 175 Mc, V, E* 28 V) 2N3553 


Cc 
(Pi, = 3.5 W, f= 175 Mc, Vor = 28 V) 2N3632 
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Motorola High-Frequency Transistors 


2N3375, 2N3553, 2N3632 (continued) 
2N3375_ 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 


steed hod 
oF 


GAIN-BANDWIDTH PRODUCT ({,-) - Me 
RF POWER OUTPUT (Poy) - WATTS 


Cc 
(T 25°C 
ha 50 100 150 200 250 300 
COLLECTOR CURRENT (IQ) - MA FREQUENCY - Mc 
2N3553 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 


GAIN-BANDWIDTH PRODUCT (fp) - Mc 
RF POWER OUTPUT (Poyr) - WATTS 


50 75 100 150 200 300 400 


COLLECTOR CURRENT (I) - MILLIAMPERES FREQUENCY - Mc 
2N3632 
GAIN-BANDWIDTH PRODUCT versus COLLECTOR CURRENT POWER OUTPUT versus FREQUENCY 
oO mn 
BH 
f : 
“ = 
os ‘ 
© 5 
= fo) 
S Bs 
A 5 
srt py 
5 5 
B fe) 
B [ee 
< (Vog) = 28] VOLTS : (Vg) = 28 VOLTS 
(T.) = 25°C 6 (T.) = 25°C 
G C 5 C 
co) | 
0 50 100 150 200 250 300 50 60 80 100 200 300 


COLLECTOR CURRENT (1) - MA FREQUENCY - Mc 
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2n3444 


Motorola High-Frequency Transistors 


For Specifications, See 2N3252 Data Sheet 


2n3467 
2N3468 


Veco = 40-50 V 
lk=1A 
f; = 150-175 Mc 


PNP silicon annular transistors for high-speed 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristic Symbol 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 


= 25°C 


Total Device Dissipation @ T, = 
Derating Factor Above 25°C 


Total Device Dissipation @ T,. = 25°C 


Derating Factor Above 25°C 
Junction Temperature, Operating 


Storage Temperature Range 


THERMAL RESISTANCE | 


STORAGE TIME VARIATION WITH TEMPERATURE 


200 


ged) Ks 


t’,, STORAGE TIME (nsec) 


eaten 
CoP 


50 100 200 300 500 700 
Ic, COLLECTOR CURRENT (mA) 


914 (air) 
Ay¢: (case) 


1000 


switching and driver applications. 


2N3467 2N3468 


+200 


-65 to +200 


0.175°C/mW 
35°C/W 


LIMITS OF SATURATION VOLTAGE 
“TTT TT TTT TTT 


Vise, SATURATION VOLTAGE (VOLTS) 


700=—s: 1000 


200 
Ic, COLLECTOR CURRENT (mA) 


300 500 
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Motorola High-Frequency Transistors 


2N3467, 2N3468 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Characteristic Symbol Min Max Unit 


Collector Cutoff Current 
= = %) 
(Vop = 30 Vde, Ip = 0, T, = 100 


Collector Cutoff Current 
(Vag = 30 Vde, Vop = 3 Vdc) 


Base Cutoff Current 
(Vv CE = 30 Vdc, Vop = 3 Vdc) 


Collector-Base Breakdown Voltage 
(Ic = 10 wAdc, Ip = 0) 2N3467 
2N3468 


Collector- Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 2N3467 
2N3468 


Emitter-Base Breakdown Voltage 
(Ip = 10 pAdc,.I0 = 0) 


Collector Saturation Voltage* VCE(sat)* 
(Io = 150 mAdc, Ip = 15 mAdc) 2N3467 
2N3468 


(Ic = 500 mAdc, Iz = 50 mAdc) 2N3467 
2N3468 


(Ig = 1 Adc, Ip = 100 mAdc) 2N3467 
2N3468 
Base-Emitter Saturation Voltage 
(Ic = 150 mAdc, Ip = 15 mAdc) 
(Ic = 500 mAdc, Ip = 50 mAdc) 
(Ic = 1 Adc, Ig = 100 mAdc) 


DC Forward Current Transfer Ratio* 
(Ic = 150 mAdc, Vor = 1.0 Vdc) 2N3467 
2N3468 


(Ig = 500 mAdc, Vop = 1.0 Vdc) 2N3467 
2N3468 


(I, = 1 Adc, Vag = 5 Vdc) 2N3467 
= ae 2N3468 


Output Capacitance 
(Vop = 10 Vde, Ip = 0, f = 100 kc) 


Input Capacitance 
(Vop = 0.5 Vdc, Ic = 0, f= 100 kc) 


Current-Gain - Bandwidth Product 
(Ip = 50 mAdc, Vor = 10 Vdc, f = 100 mc) 2N3467 
2N3465 
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Motorola High-Frequency Transistors 
2N3467, 2N3468 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Delay Time 


(Io= 500 mA, Ip = 50 mA, Vos = 
2 V, Vog= 30 V) 


. Storage Time 
(Ic = 500 mA, Ip, = Ipo = 50 mA, Voc =30 V) 
Falltime 1° i oe 


Total Control Charge 
AIg = 500 mA, Ip = 50 mA, Voc = 30 V) 


* Pulse Test: PW = 300 ysec, Duty Cycle = 2% 
MINIMUM CURRENT GAIN CHARACTERISTICS 


70 
: = 2N3467 
= : 


hse, MINIMUM CURRENT GAIN 


OY 
aw 
a 


ih 2N3468 


——— Vo=2V 


1000 


50 70 100 200 300 500 7 
Ic, COLLECTOR CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


bye, MINIMUM CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3485, A 
2N3486, A 


For Specifications, See 2N2904 Data Sheet 


2n3493 Vero = 8V 


C., = 0.7 pf 


@ 8 Cib= 0.7 pf 


NPN silicon annular transistor for high-speed micro- 
power logic switching. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Total Device Dissipation @ To = 25°C . 
Derate above 25°C 1. 43 


Total Device Dissipation @ T A = 25°C 150 
Derate above 25°C . 0. 86 


Junction Operating Temperature Range -65 to +200 


Storage Temperature Range T -65 to +200 


THERMAL RESISTANCE 4,, = 1.16°C/mW 6sc = 0.70°C/mW 


MINIMUM CURRENT GAIN CHARACTERISTICS 


ae Bae 
Sat Sil ae 
50 ae 
seam | 


~~ 


cir Bema Re + 
ane SEP PEE 
Ea tt 


ae 
rrr eenr tol 
Feri COTE E 


0.01 0.02. 0.03 1.0 2.0 3.0 5.0 
Ic, COLLECTOR CURRENT {mA} 


~ Dee, DC CURRENT GAIN 


f Vip | 
A VA 


a 
nl ari a 
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Motorola High-Frequency Transistors 


2N3493 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Collector Cutoff Current 
(Vor =6V, Ven = 2 V) 
Base Cutoff Current 


(Von =6 V, Veg =2 V) 


(Vor =6 V, Ven =2V, Ty = 150 °C) 
Collector-Base Breakdown Voltage 

(I, = 10,A, I, = 0) 
Collector-Emitter Breakdown Voltage 

(I, = 1 mA, In = 0) 
Emitter-Base Breakdown Voltage 

(I, = 10 yA, Io = 0) 
Collector-Emitter Saturation Voltage 

(In = 10 pAdc, Ip = 1 Adc) 


(Ig = 100 uA, I, = 10 uA) 


(In = 5 mA, In = 0.5 mA) 
Base-Emitter Saturation Voltage 


(I, = 100 pA, I, =10 pA) 
(Iq = 5 mA, In = 0.5 mA) 
DC Forward Current Gain 
(Ig = 10 pA, Vor = 0.5 V) 
(Io = 100 pA, Vor = 0.5 V) 
(Ig = 100 vA, Vor = 0.5 V (-55°C)) 
(I, = 500 pA, Vor = 0.5 V) 
(In =5 mA, Vor = 0.5 V) 
High Frequency Current Gain 


(I, = 1 mA, Vor = 3V, f = 100 mc) 


Output Capacitance 


(Vop =3-V, 1,20, f= 100 ke - 


Includes 0. 3 pF Can Capacitance) 
Input Capacitance 
(Von = 0.5 V, Io = 0, f = 100 kc) 


0 Sa a 
CAPACITANCE VARIATIONS, ZERO BIAS REGION = 


3.0 


NM eee | ve z 
Ne ES 3 
pea P Ty = 25°C = 
ES NS g 

Se pee Ne ee, 

S$ ~OR-T-R TT TT PT rT Tle 

e KMatp +++ et si 
SS Nd So A = 2 
- CNS Tra tTr rrr 
Sf et ¢ 
| (coc aa ER SS QAI wa OE RY (| 
ie ee ee So ee eee ees eee 
— e+} 
a UR Gorn rceanet alacone Sepe eels cas 
fe ae le al 


5 04 03 O02 1 0 01 02 03 O04 05 


0.10 
: 0.01 0.02 005 =O. 0.2 0.5 10 2.0 $0 
FORWARD BIAS (VOLTS) REVERSE BIAS (VOLTS) 


le, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N349A4 thru 2N3497 


Veco = 80-120 V 
Ic = 100mA 
f; = 150-200 Mc 


PNP silicon annular Star transistors for high voltage 
switching and DC to VHF amplifier applications. 


CASE 31 CASE 22 
(TO-5) (TO-18) 
2N3494 2N3496 
2N3495 2N3497 


MAXIMUM RATINGS 


__ Types = 
(T0-5) | (T0-18) 


Characteristic 2N3494 | 2N3495 | 2N3496 | 2N3497 


Collector-Base Voltage 


me 


Collector-Emitter Voltage 


Emitter-Base Voltage 
Collector Current 


Total Device Dissipation 
@ To = 25°C 
Derate Above 25°C 


Total Device Dissipation 
@ T A = 25°C 
Derate Above 25°C 3.43 


Junction Temperature -65 to +200 


Storage Temperature -65 to +200 


SWITCHING CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Turn-On Time 


(Voc = 30 V,Ic = 10 mA, Ip; = 1 mA, Vos = O) 
Turn-Off Time 
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2N3494 thru 2N3497 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 10 pAde, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ic = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ig = 10 Adc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 50 Vdc, Ip = Q) 


(Vop = 90 Vdc, Ip = 0) 


Emitter-Base Leakage Current 
(Voz = 3 Vdc) 


DC Forward Current Transfer Ratio 
(Ic = 100 nAdc, Veg = 10 Vdc) 


(Ig = 1 mAdc, Vog= 10 Vde) 
(Ip = 10 mAdc, Vog = 10 Vdc) 
(Ic = 50 mAdc, Veg = 10 Vdc) 
(Ig = 100 mAdc, Vog = 10 Vdc) 


Collector Saturation Voltage 
(Ic = 10 mAdc, Ip = J mAdc) 


Base-Emitter Saturation Voltage 
(ic = 10 mAdc, Ip = 1 mAdc) 


Output Capacitance 
(Vop = 10 Vdc, Ip = 0, f = 100 ke) 


Input Capacitance 
(Von = 2 Vde, Ic = 0, f = 100 ke) 


ms Current-Gain — Bandwidth Product 
(Ic = 20 mAdc, Vcr = 10 Vde, f = 100 mc) 


Small Signal Current Gain : 
(Vcore = 10 V, Ic = 10 mA, f = 1 ke) 


Input Impedance 
(Vcg =10V,Ic¢ = 10 mA, f = 1 ke) 


- Voltage Feedback Ratio 
(Vog = 10 V, Ig = 10 mA, f = 1 ke) 


Output Admittance _ 
(Vog= 10 V, Io = 10 mA, f = 1 ke) 


- Extrinsic Base Resistance 
Vor = 10 Vv, Io = 20 mA, f = 300 mc) 


* Pulse width < 300 usec, Duty Cycle = 2% 


Motorola High-Frequency Transistors 


2N3494, 2N3496 
2N3495, 2N3497 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 
2N3485, 2N3497 


All Types 


All Types 
All Types 
All Types 


All Types 
2N3494, 2N3496 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 


2N3494, 2N3496 
2N3495, 2N3497 


All Types 
All Types 
All Types 


All Types 


- All Types © 
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Motorola High-Frequency Transistors 


2N3498 thru 2N35O0T Vceo = 100-150 V 


Ic = 300-500 mA 
Cob = 8-10 pf 


NPN silicon annular transistors for high voltage 
Switching and low-power amplifier applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Maximum 


Characteristics 2N3498 2N3500 
2N3499 2N3501 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 


Total Device Dissipation @ T A= 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ To = 25°C 
Derating Factor Above 25°C 28.6 


Junction Temperature, Operating +200 


Storage Temperature Range T -65 to +200 


Thermal Resistance 0. 175 
35 
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2N3498 thru 2N3501 (continued) 


Motorola High-Frequency Transistors 


SMALL SIGNAL h PARAMETER CHARACTERISTICS 
(Vee = 10V, T, = 25°C, f = Ike) 


CURRENT GAIN 


2N3499, at 


400 


200 


Wet 


= 100 


ae iene eam 
eae PTT CT itl 


Ic, COLLECTOR CURRENT (mAdc) 


INPUT IMPEDANCE 


TN Nai 28st 
CNET 
NY 


hi. (K OHMS) 


0.1 0.2 0.5 
Ie, COLLECTOR CURRENT (mAdc) 


hoe (umhos) 


h,, * 10" 
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OUTPUT IMPEDANCE 
THT 
SE aaa 


AMUN REED 
FE Prt 


2N3499, 2N3501 ay | 
pal 


pet ae is 
SB, BLL 
aes eae Se Ge th 
ee a eee 


eer oir 
map octii A MMillt 


Bee cal 


50 


20 


5.0 


2. 


a 


ar 2.0 10 
Ic, COLLECTOR CURRENT (mAdc) 
ss VOLTAGE FEEDBACK RATIO 
Se Sac eeeeeelll 
MPI Ais alleles 
o SCOTT ETH 
RA ee ee 


ON NS: nannies ra 


reek ANA 
CTT SPN TE 


CCCI Ti 


2.0 


Ic, COLLECTOR CURRENT (mAdc) 


Motorola High-Frequency Transistors 


2N3498 thru 2N3501 (continued) 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


= 
3 
a 
5 
2 
z 
= 
2 
le, COLLECTOR CURRENT (mA) 
CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
CO 
> on a SS SE OS GS GE CG OR T, = 25°C 
= ‘ + 
rt) 
a — 
5 
8 
a 
z 
= 
Fo 
1 2 5 10 20 50 200 S 
le, COLLECTOR CURRENT (mAdc) 
TEMPERATURE COEFFICIENTS JUNCTION CAPACITANCE VARIATIONS 
+1.0 
al Ltr 
+0.5 


anc 


(25°C to —55°C) 


Ss b 
~ 
> 
E 
Ww —0.5 wl 
é 2 
wg = 
S = 
w —1.0 = 
= 
oe 
uw 
= 
a 15 
& 

—2.0 

~2.5 

0 100 200 300 400 500 
Ic) COLLECTOR CURRENT (mA) REVERSE BIAS (VOLTS) 
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Motorola High-Frequency Transistors 


2N3498 thru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


‘Static Characteristics 


‘TCollector Cutoff Current 
= 50 Vdc, Ip = 0) 


50 Vdc, 1, = 0, T, = 150 C) 


E A 


B- 75 Vde. Ip = 0) 


= 75 Vde. Ip = 0, Ta = 150 C) 
Emitter Cutoff Current 
(Von = 4 Vde, Ig = 0) 


Collector-Base Breakdown Voltage 
(I, = 10 wAdc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(I, = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(I, = 10 “Adc. I, = 0) 


Collector Saturation Voltage* 
(I, = 10 mAdc. Ip = 1 mAdc) - 


(I. = 50 mAdc. I, = § mAdc) 


Cc 
(In = 150 mAdc, I,, = 15 mAdc) 
= 30 mAdc) 


B 

(I, = 300 mAdc. Ip 

Base-Emitter Saturation Voltage* 
(I, = 10 mAde, Ip = 1 mAdc) 


(I, = 50 madc, Ip = § mAdc) 
(I, = 150 mAdc, Ip = 15 mAdc) 


(Io = 300 mAdc, Ip = 30 mAdc) 


DC Forward Current Transfer Ratio* 
(Ig = 0.1 mAdc, Vor = 10 Vdc) 


Io = 1,0 mAdc, = 10 Vdc) 


Vcr 


I, = 10 mAdc. V,, = 10 Vdc) 


CE 


(Ig = 150 mAdc. V,.. = 10 Vdc) 


CE 


= 300 mAdc, V,,, = 10 Vdc) 


(Ig CE 


(In = 500 mAdc. V,, = 10 Vdc) 


CE 


Small Siymal Current Gain 
I, = 10 mA, Vor = 10 V. {= 1 ke) 


Voltage Feedback Ratio 
(I, = 10 mA, Vor = 10 V, { = 1 ke) 


Input Impedance 


(I, = 10 mA, V..=10V. {=1 ke) 


CE 


Output Admittance 
(I, = 10 mA, Vor =10V, £ =1 kc) 


Output Capacitance 
(Vop = 10 Vdc, Ip = 0, f = 100 kc) 


2N3498, 2N3499 


2N3500, 2N3501 


All Types 


2N3498, 2N3499 
2N3500, 2N3501 


2N3498, 2N349S 
2N3500, 2N3501 


All Types 


All Types 
All Types 
2N3500, 2N3501 
2N3498, 2N3499 


All Types 
All Types 
2N3500, 2N3501 
2N3498, 2N3499 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499,. 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3500 
2N3501 


2N3498 
2N3499 


.2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3500 
2N3499, 2N3501 


2N3498, 2N3499 
2N3500, 2N3501 
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Motorola High-Frequency Transistors 
2N3498 thru 2N3501 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Static Characteristics 


Input Capacitance 
= 0.5 Vde, I, = 0, f = 100 kc) All Types 


Pec 


Delay Time 


(I, = 150 mA, IL, = 15 mA, V 


Bl = 100 V, V 


cc 


Rise Time 


(I, = 150 mA, I,, = 15 mA, V = 100 V, V 


Bl cc 


‘Storage Time 
(Ig > 150 mA, Ibi * Ibe cc 
Fall Time 2N3498, 


(ln = 150 mA, In) = Ie * 15 mA, Voc = 100 V) 2N3499 


= 15 mA, V,,, = 100 V) 


*Pulse Test <300 wsec, duty cycle <2% Vop - Base-Emitter 


SATURATION VOLTAGES SWITCHING TIMES 


3 500 
i Seis 
SEE UH TT 


NLL LTITIIT EIN 
JACI) LENE 


SUE 
ACMI eT | LLNS 
0.6 al mL MLE = we 
rTePEMCEC 
CECCIIPECTT StL 


Visor» SATURATION VOLTAGE (VOLTS) 
TIME (nsec) 


0.4 


CLL | linn 
eLLLLHTT TL pital 


10 20 5.0 10 20 50 100 200 500 10 20 50 100 200 8=—. 300 
Ie, COLLECTOR CURRENT (mAdc) Ie, COLLECTOR CURRENT (mAdc) 
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Motorola High-Frequency Transistors 


2n3906 
2n3507 


Vero = 40-50 V 
A 
f; =100 Mc Typ 


NPN silicon annular transistors for high-current, 


high-speed, saturated switching and coredriver appli- 
cations. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Characteristics Symbol 2N3506 2N3507 Unit 
Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current 
Total Device Dissipation 

@ 25°C Case Temperature 

Derating Factor Abeve 25°C 
Total Device Dissipation 

@ 25°C Ambient Temperature 

Derating Factor Above 25°C 
Junction Operating Temperature 


Storage Temperature Range T -65 to +200 


THERMAL RESISTANCE 6j, = 0.175°C/mW | 
O5¢ = 35°C/W 


- SATURATION VOLTAGES SWITCHING TIMES 


SS 
= 


TIME nsec) 


Visaty, SATURATION VOLTAGE (VOLTS) 


1 
0.1 0.2 0.3 05 07 10 2.0 3.0 
Ic, COLLECTOR CURRENT (Adc) Ic, COLLECTOR CURRENT (Adc) 
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2N3506, 2N3507 (continued) 


Motorola High-Frequency Transistors 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise specified.). 


a Characteristics 
Collector Cutoff Current 


(Vor = 40 Vdc, Vos 


(Vog = 40 Ve, Von 
(Va, = Vop = 4 Vde) 


(Vag = 60 Vde, Veg =4 Vde, T 


2N3506 
= 100°C) 


= 4 Vdc) 


= 4 Vde, Ta 


2N3507 


= ° 
‘A = 100 C) 


Base Cutoff Current 
(Vor = 40 Vdc, V 


OB 
(Vg 7 60 Vde, Vo. 


‘Collector-Base Breakdown Voltage 
(Ig = 100 pAdc, I, = 0). 


= 4 Vdc) 


= 4 Vdc) 2N3507 


2N3506 
2N3507 


Collector-Emitter Breakdown Voltage* 
(In = 10 mAdc, pulsed, In = 0) 


2N3506 
2N3507 


Emitter-Base Breakdown Voltage 
(I, = 10 pAde, Io = 0) 


Collector Saturation Voltage* 
a = 500 mAdc, 1, = 50 mAdc) 
I, = 1.5 Adc, 1, = 150 mAdc) 
(Io = 2,5 Adc, I, = 250 mAdc) 
Base-Emitter Saturation Voltage* 
(Ig = 500 mAdc, 1, = 50 mAdc) 
= 1.5 Ade, 1, = 150 mAdc) 


(Ig = 2.5 Ade, I, = 250 mAdc) 


DC Current Gain* 


. (I, = §00 mAdc, V,,,, = 1 Vdc) 2N3506 


2N3507 
2N3506 


CE 


(Ip 2 1.5 Ade, = 2 Vdc) 


Vor 


2N3507 


2N3506 
2N3507 


2N3506 
2N3507 


(In = 2.5 Adc, V 


CE" 3 = 


(Ip = 3.0 Adc, V 


CE* 5 Vdc) 


Output Capacitance 


(Vag, = 10 Vde, 1, = 0, f = 100 ke) 


E 
Input Capacitance 
(Vop = 3 Vde, Ig 


Current Gain-Bandwidth Product 
(In = 100 mAdc, Vor = § Vdc, f = 20 mc) 


= 0, { = 100 ke) 


Delay Time - I,2=1.5 Adc, I, = 150 mAde 


Cc 


Voc 


Bl 


= 30 V, Vop 79 VY 


Storage Time Io = 1,5 Ade, Inn = Ibe = 150 mAdc 


Fall Time Yee = 30 V 


*Pulse Test: Pulse width = 300 sec, duty cycle = 2% 
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2N3506 


Torx 


Vog(eat)” 


VBE(sat)” 


* 
FE 


150 


150 


a a ee 


pAdc 


pAdc 


Vdc 


’ Vade 


2N3506, 2N3507 (continued) 


hgg, OC CURRENT GAIN 


Ic, COLLECTOR CURRENT (Ade) 


2n3508 


2n3509 


CASE 26 
(TO-46) 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 


Collector Current (10 usec pulse) 
Total Device Dissipation 

@ 25°C Ambient Temperature 
Derating Factor Above 25°C 
Total Device Dissipation 

@ 25°C Case Temperature 
Derating Factor Above 25°C 
Junction Temperature, Operating 


Storage Temperature Range 


Thermal Resistance 


Motorola High-Frequency Transistors 


hee. BC CURRENT GAIN 


Symbol 


8-204 


Ic, COLLECTOR CURRENT (Adc) 


Vero = 20V 
' Ilo = 500 mA 
| fy = 500 Mc 


NPN silicon annular transistor for high-speed, low- 
current switching applications. 


Rating 
40 


40 


20 


6.0 


900 


0.40 
2.29 


2.0 
11.43 


+200 


-65 to +200 


0. 438 
0. 0875 


Motorola High-Frequency Transistors 


2N3508, 2N3509 (continued) 


ELECTRICAL CHARACTERISTICS (at25°C unless otherwise specified) 


Collector Cutoff Current 
(Vop = 20 Vdc) 
(Voz = 20 Vdc, Ta = 150°C) 


Collector Cutoff Current 
(Vop = 20 Vdc, Vos = 3 Vdc) 


Base Cutoff Current 
(Vopr = 20 Vdc, Vos = 3 Vdc) 


Collector-Base Breakdown Voltage BVcBO 
(Ig = 10 ywAde, I, = 0) 


Emitter-Base Breakdown Voltage BVepo 
(Ip = 10 “Adc, Ic = 0) 


Collector-Emitter Breakdown Voltage* BVcro* 
(I, = 10 mAdc) 


Collector-Emitter Voltage BVogs 
(Ig = 10 pAde, Ip = 0) 


Collector-Emitter Saturation Voltage* Ve E(sat)* 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(Ic = 100 mAdc, Ip = 10 mAdc) 


Base-Emitter Saturation Voltage* VBE(sat)* 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(Ig = 100 mAde, fs = 10 mAdc) 


DC Current Gain* 
(Ic = 10 mAdec, Vog = 1.0 Vde) 2N3508 
ia a 2N3509 
(Ig = 10 mAdc, Vog = 1.0 Vde, Ta = -55°C) 2N3508 
2N3509 
(Ic = 100 mAdc, Vog = 1.0 Vdc) 2N3508 
= . 2N3509 


IBL 


s 


hrp 


Small-Signal Current Gain 
(Ic = 10 mAdc, Vcr = 10 Vdc, f =100 mc) 


Output Capacitance 
(Vop ® 5 Vde, Ip = 0,£ = 140 ke) 


Input Capacitance 
(Vop = 1 Vde, Ig = 0,f = 140 ke) 


Storage Time 
(Ic bad Ip) 3 Ine = 10 mA) 


Turn-On Time 
(Ig = 10 mA, Ip) = 3 mA, Voc = 3 V, Vop = 1.5 V) 


Turn-Off Time 
(Ic = 10 mA, Ip; 2 3 mA, Ipo = 1.5 mA, Vcc = 3 V) 


Total Control Charge 
(Ig = 10 mA, Ip = 1 mA, Vcc > 3 V) 
Delay Time 


Vcc = 10 V, Vop 7 2 V, 
Io = 100 mA, Ip) = 10 mA 
Rise Time 


Storage Time 
Voc =10V 
Io = 100 mA, Ip) = Ipe = 10 mA 


*Pulse Test: PW = 300usec, Duty Cycle = 2% 
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Motorola High-Frequency Transistors 


2N3508, 2N3509 (continued) 


hsz, MINIMUM CURRENT GAIN 


hee, MINIMUM CURRENT GAIN 


SWITCHING TIMES (nsec) 


= 


PEGA SWITCHING TIMES 


7 10 20 30 Liu “Y 2 3 5 7 10 


le, spictios CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


5 7 10 : 20 30 50 70 100 
Ic, COLLECTOR CURRENT (mA) 


le, caibsioe CURRENT (mA) 


LIMITS OF SATURATION VOLTAGE 


Cer og 
eee Tt 

Fria ma 00 Pall 
ee I 
COC ae ih 
vo {_ on 
ae en 
i 
CAE th 
a aap 
Cees TT 
a el 
20 30 50 70 100 
le, COLLECTOR CURRENT (mA) . 


V.catye SATURATION VOLTAGE VOLTS 
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2N3910 
2No»o IT 


2N3647 


2N3648 


CASE 27 
(TO-52) 


t,’, STORAGE TIME (nsec) 


Total Device Dissipation @T A = 25°C 
Derating Factor Above 25°C 


_ Total Device Dissipation @ 9T > = 25°C aE 


\\ CASE 26 \\ 
.*  (TO-46) 


Derating Factor Above 25°C 


Junction Temperature, Operating 
Storage Temperature Range 


STORAGE TIME VARIATION 


COM oT 
asia 


Cry Be 
a 
Sauer cai ene 
imeza | 


20 


1 2 3 57 10 20 30 5070 100 200 300 500 
le. COLLECTOR CURRENT (mA) 


Motorola High-Frequency Transistors. 


Collector-Base Voltage VcBO 
Collector-Emitter Voltage VeKo ope te pe 
Emitter-Base Voltage 


Visety, SATURATION VOLTAGE (VOLTS) 


8-207 


Veco = 10-15 V 
Ic = 500 mA 
f; = 350-450 Mc 


NPN silicon annular transistors for high-speed satu- 
rated switching applications to 500 mA. 


TUM TT Tt 
SASatinoma! 
“ett HH mame 


0.2 
1.0 2.0 er 5.0 7.0 10 20 30 $0 70100 200 300 500 


Ic, COLLECTOR CURRENT (mA) 


ELECTRICAL CHARACTERISTICS 


Motorola High-Frequency Transistors 


2N3510, 2N3511, 2N3647, 2N3648 (continued) 


Characteristic 


Collector Cutoff Current 

(Vop = 10 Vdc, Vost = 1 Vdc) 

(Vor = 10 Vdc, Vog = 1 Vde, Ta = 150°C) 
Base Cutoff Current 

(Vop = 10 Vde, Von = 1 Vdc) 
Collector-Base Breakdown Voltage 

(Ic = 10 pAde, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ip = 10 mAdc, Ip = 0) 2N3510, 2N3647 
2N3511, 2N3648 


Emitter-Base Breakdown Voltage 
(I, = 10 Ade, 1, = 0) 


Collector Saturation Voltage* 
(Ip = 10 mAdc, I, = 1 mAdc) All Types 
(I¢ = 150 mAdc, Ip = 15 mAdc) All Types 
(ic = 300 mAdc, Ip = 30 mAdc) 2N3510, 2N3647 
(Ic = 500 mAdc, Ip = 50 mAdc) 2N3511, 2N3648 
Base-Emitter Saturation Voltage* 
(Ip = 10 mAdc, Ip = 1 mAdc) All Types 
(I¢ = 150 mAdc, Ip = 15 mAdc) All Types 
(Ic = 300 mAdc, Ip = 30 mAdc) 2N3510, 2N3647 
(Ic = 500 mAdc, Ip = 50 mAdc) 2N3511, 2N3648 
DC Current Gain* 
(Ic = 1.0 mAde, Vog = 1 Vdc) 2N3510, 2N3647 
: 2N3511, 2N3648 
(Ig = 10 mAdc, Vog = 1 Vdc) 2N3510, 2N3647 
2N3511, 2N3648 
(Ig = 150 mAdc, Veg = 1 Vde) 2N3510, 2N3647 


2N3511, 2N3648 
(Ig = 150 mAdc, Vo, 71 Vde, TA= -55°C) 2N3511, 2N3648 


(Ic = 300 mAdc, Vou = 1 Vde) 2N3510, 2N3647 
(Ic = 500 mAdc, Vag = 1 Vde) 2N3511, 2N3648 
Output Capacitance 
(Vop = 10 Vdc, Ip = 0, f = 100 kc) 
Input Capacitance 


(Von = 0.5 Vdc, Ic = 0, £ = 100 ke) 


Small Signal Current Gain 
(Ig = 15 mAdc, Vog = 10 Vdc, f = 100 mc) 2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


2N3510, 2N3647 
2N3511, 2N3648 


Delay Time 


Rise Time 


Turn-On Time 


Storage Time 


(Ig = 150 mA, 
Ini = “lpg = 15 ma, 
cc = §V) 


Turn-Off Time 


Total Control Charge 


(Ic = 150 mA, Ip = 15 mA, Voc = 6 V) 
Small Signal Current Gain 


(Ig = 1 mA, Vog = 10 V,f = 1 ke) | 
Voltage Feedback Ratio 
(Ig = 1 mA, Vog 210V,f%= 1 ke) 


Input Impedance 


(Ig = 1 mA, Vcg = 10 V,f = 1 ke) 


Output Admittance 
(Ig = lmA, Vog 2 10V,f£ = 1 ke) 


* Pulse Test: PW s 300 sec, Duty Cycle s 2% 
Vop = Base-Emitter Reverse Bias 
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Symbol 
IcEex 


Ipy, 
BVcR9 


BVcEO* 


BVeBO 


VocE(sat) . 


VBE(sat)”* 


( Ta = 25°C unless otherwise specified) 


Max 


0.6 


mee Oo 
an~o @ 


— 
Sslill 


100 


Unit 


pAdc 


p Adc 
Vdc 


Vde 


Vdc 


Vde 


Vdc 


pf 


pf 


pmhos 


Motorola High-Frequency Transistors 


2N3510, 2N3511, 2N3647, 2N3648 (continued) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


beg, MINIMUM CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 


MINIMUM CURRENT GAIN CHARACTERISTICS 


a att 2N3510 
oot rea 
pale ae 


pattie Co NC] 
ad AN 
= 


hee, MINIMUM CURRENT GAIN 


cael Dal TNT 
CE KT 


NOY 


0 70 100 200 300 500 


Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


Viggo = 25° ; 
2n3944 | P, = 10 mW @ 1000 Mc 


NPN silicon annular transistor for VHF and UHF 


oscillator applications. 
CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics 


Collector-Base Voltage 


Collector-Emitter Voltage 


Emitter-Base Voltage 
. Collector Current 100 


Power Dissipation @ To= 25°C 400 
Derate above 25°C 2. 67 


Power Dissipation @ T ‘a = 25°C 300 
Derate above 25°C 2.0 


Junction Temperature +175 


Storage Temperature 


Collector-Base 
Breakdown. Voltage 


Collector-Emitter 
Breakdown Voltage 


Collector Cutoff Current 
Emitter Cutoff Current ; Ves = 3 Vdc, Ip =0 


DC Current Gain Vor = 10 Vdc, I, 10 mAdc 


= 10 Vdc, Io =10 mAdc, 
f = 100 mc 


Collector Output Capacitance Vop = 15 Vde, I; re 100 ke: 
V. = 10 Vac,I,,= 10 mA 


aC 


f = 1000 me, V,,. = 12 Vdc 
Oscillator Power Output | Pot i. 12 mAde’ Cc ’ Ee eel bawe 
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Motorola High-Frequency Transistors 


2N3544 (continued) 
TEST CIRCUIT 
SHORT 
5042 ADJUSTABLE LINE 
(o} oS) 
Y 
330 pF 


| 7” 
0.25” DIA... 


CAPACITIVE LINK COUPLING : 
Co) ‘ 
1K4 502 
POWER METER 


1000 pF 1000 pF 


— 0.8” ek 


(1K me CAVITY) a 


e@ 
+ + NOTES: 
1. SET Vee = 12 Vde. 
2. ADJUST Ve, FOR Ie = 12 mAdc. 


3. SET ADJUSTABLE LINE FOR 
MAXIMUM POWER OUTPUT. 


2N3946 es pied 


PNP silicon annular transistor for low-level, high- 
speed switching applications. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Characteristics Symbol Rating 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Total Device Dissipation @ T AS 25°C 
Derate above 25°C 


Total Device Dissipation @ To = 25°C 
Derate above 25°C 


Operating Junction Temperature 


Storage Temperature Range 


Thermal Resistance 
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Motorola High-Frequency Transistors 


2N3546 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted) 


Collector Cutoff Current 
(Von = 10 Vdc) 


= — 12n° 
(Von = 10 Vde, Ta = 150°C) 


Collector Cutoff Current 
(V CE = 10 Vde, Von = 3 Vdc) 
Base Cutoff Current 
(Vig = 10 Vdc, Vo ’ 
Collector-Base Breakdown Voltage 
(In = 10 pAdc, I; = 0) 


= 3 Vdc) 


Emitter-Base Breakdown Voltage 
(I, = 10 pAde, Io = 0) 


Collector-Emitter Breakdown Voltage* 
(Ig = 10 mAds, Ip = 0) 
Collector Saturation Voltage* 
Io = 10 mAdc, I, = 1 mAdc) 
(I, = 50 mAdc, I, =5 mAdc) 
Io = 100 mAdc, I, = 10 mAdc) 
Base-Emitter Saturation Voltage* 
Io = 10 mAdc, I, = 1 mAdc) 
(I, = §0 mAdc, I, = § mAdc) 
(Io = 100 mAdc, I, = 10 mAdc) 
DC Current Gain* 
In = 1,0 mAdc, Vor = 1 Vdc) 
(I, = 10 mAdc, Vor = 1 Vdc) 
Ig = 10 mAdc, Vor = 1 Vde, T,A= -55°C) 
Fe = 50 mAdc, Vor = 1 Vdc) 
(Ig = 100 mAdc, Vor = 1Vde) 


Output Capacitance 
Von = 10 Vdc, Ip =0, {= 1 me) 


Input Capacitance 
(Von = 0.5 Vdc, lo 20, f=1 mc) 


Current-Gain - Bandwidth Product 
(Ig = 10 mAdc, Vop = 10 Vde, f = 100 me) 


Total Control Charge 
(I, = 50 mA, I, 75 mA, Vee = 3 V) 


Io = 50 mA, I = 5mA, 
Rise Time Von 22V, Voc =3V 


See " Switching Time Test Circuit" 
e 8-213 ) 
Turn-Off Time ( pag 


*Pulse Test: PW = 300 usec, Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2N3546 (continued) 


LIMITS OF SATURATION VOLTAGES STORAGE TIME BEHAVIOR 


el Pe 
ee el 
(ER ahi ew lAB aaa 
dey Hima 


Viset)> SATURATION VOLTAGE (VOLTS) 
t,’, STORAGE TIME (nsec) 


10 20 30 50 70 100 
0 
10 20 50ST i lc, COLLECTOR CURRENT (mA) 
le, COLLECTOR CURRENT (mA) 
DELAY AND RISE TIME STORAGE AND FALL TIME SWITCHING TIME TEST CIRCUIT 
EQUIVALENT TEST CIRCUIT EQUIVALENT 5st CIRCUIT Ves —2V 
| =3V =3 
Os ais 
‘out 
Vs o—) 


1000 73 Cs 10 OF 
eal <= ae 
Vie tev : 
wre PULSE WIDTH > 200 nsec 
RISE TIME < 1 nsec 

—10.8V Va —1L3V 2, = 500 
PULSE WIDTH = 200 nsec PULSE WIDTH = 200 nsec ten : Veg = +3, Via = —7V 
RISE TIME < 2 nsec RISE TIME <= 2 nsec ten : Ven = —4V, Vin = +6V 

DUTY CYCLE <= 10% DUTY CYCLE <= 10% 
*OSCILLOSCOPE RISE TIME < 1 nsec 


MINIMUM CURRENT GAIN CHARACTERISTICS 


bee, OC CURRENT GAIN 


Ic, COLLECTOR CURRENT (mA) 


8-213 


—— Motorola High-Frequency Transistors 


2N3953 
2nN3032 


For Specifications, See 2N3375 Data Sheet 


Veco = 140-175 V 


2N3034 thru 2NGOG/ f, = 150 -200 Mc 


PNP silicon annular transistor for high voltage 
switching and low-power amplifier applications. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS . 


Characteristics 


2N3637 
175 


Ps 
Q 


Collector-Base Voltage 


da 


175 


s 
Q 


Collector-Emitter Voltage 


<< 
5 6 


Emitter-Base Voltage 


ale 
QO 


ve 
@ 
j=_ 
f—) 


th 


a 


Collector Current Adc 
Total Device Dissipation @ T A = 25°C Watt 
Derating Factor Above 25°C 5.71 mwW/°C 


Watts 
mwW/°C 


Total Device Dissipation @ To = 25°C 
Derating Factor Above 25°C 


28.6 


° 
QD 


+200 


-65 to +200 


SWITCHING TIME TEST CIRCUIT 


Venes Via PW. 2:20 psec 
DUTY CYCLE=2% - 
RISE TIME = 20 nsec 
TURN-ON +4V © 
y TURN-OFF +4.1V 
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— Motorola High-Frequency Transistors 


2N3634 thru 2N3637 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C Ambient unless otherwise specified.) 


Characteristics [Symbol |Minimum| Maximum| Unit 
Collector-Base Breakdown Voltage 2N3634, 2N3635 BVaB0 ; Vdc 
Mo = 100 pAdc, I, = 0) 2N3636, 2N3637 
:Collector-Emitter Breakdown Voltage* 2N3634, 2N3635 BVaro* Vdc 
eS = 10 mAdc, I, =-0) 2N3636, 2N3637 
Emitter-Base Breakdown Voltage : BVERO Vdc 
Gp = 10 pAdc, Io = 0) All Types 


Collector Saturation Voltage* VoR( t)* Vde 
(I, = 10 mAde, I, = 1 mAdc) ae 
Mo = 50 mAdc, I = 5 mAdc) 


Base-Emitter Saturation Voltage* 
(Iq = 10 mAdc, I, = 1 mAdc) 
(Iq = 50 mAdc, I, = 5 mAdc) 

DC Current Gain 
I, = 0.1 mAdc, V 


B 
2N3634, 2N3636. 
2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
2N3635, 2N3637 


2N3634, 2N3636 
(Iq = 150 mAde, Vop 2N3635, 2N3637 


Small Signal Current Gain 2N3634, 2N3636 
_ (Vog = 30 Vde, I, = 30 mAde, f = 100 mc) 2N3635, 2N3637 


Output Capacitance 
(Voz = 20 Vdc, I 
Input Capacitance 
(Von = 1.0 Vdc, Io = 0, f = 100 kc) All Types 
Collector Cutoff Current 
(Von = 100 Vdc, In = 0) All Types 


Emitter Cutoff Current 
(Von = 3 Vdc, In = 0) All Types 
ze 


CE= 10 Vdc) 


I, = 1,0 mAdc, V,, = 10 Vdc) 


CE 


(Iq = 10 mAdc, Vor = 10 Vdc) 


(I, = 50 mAde, V,,, = 10 Vdc) 


CE 
= 10 Vdc) 


E7% f = 100 kc) All Types 


Small Signal Current Gain 2N3634, 2N3636 
: =10 mA, Vo, = 10 V, f =1 ke) 2N3635, 2N3637 


Voltage Feedback Ratio 
I, = 10 mA, Vor =10V, f =1 ke) All Types 


2N3634, 2N3636 
=10 V, f =1 ke) 2N3635, 2N3637 


=10 mA, V,., = 10 V, f =1 ke) 


CE 


c= 0.5 mA, Vor 


Turn-On Time 
Turn-Off Time 


*Pulse Width S 300 psec, duty cycle $ 2% Vos — Base-Emitter Off Bias 


=10V, f=1kc, R_=1kQ) All Types 
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2N3634 thru 2N3637 (continued) 


Die INPUT IMPEDANCE (KO) 


hy,. CURRENT GAIN 


INPUT IMPEDANCE 


0.5 
0.1 02 03 O05 07 10 3.0 


te, EMITTER CURRENT (mA) 


CURRENT GAIN 


: CoC EC 


11 2N3634, 2N3636 


aT 


Ie, EMITTER CURRENT (mA) 


Moforola High-Frequency Transistors 


hoe. OUTPUT IMPEDANCE (,<mhos) 
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bye. VOLTAGE FEEDBACK RATIO (7 10°4) 


OUTPUT IMPEDANCE 


CoE 
cee 


HTH Le aval 


70 


30 


AHH = 
Eee 
SSRs ee 
ett TT ET 


‘Ol 02 03 05 07 10 20 30 50 7.0 10 
Ie. EMITTER CURRENT (mA) 


VOLTAGE FEEDBACK RATIO 


SA 
sae a a 


SSSCICEET 
NACHE 


BENS 


NN 


N 
Nt 


mm eA 


ll NN 
HU EEN Td 


05 07 1.0 


20 3.0 
Ie. EMITTER CURRENT (mA) 


5.0 7.0 10 


Motorola High-Frequency Transistors 


2N3634 thru 2N3637 (continued) 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
Semasililimmmnsssiints 
aa a esl 


a er ora 


NORMALIZED DC CURRENT GAIN 


Ic. COLLECTOR CURRENT imA) 


SATURATION VOLTAGES 


a a ae a eae SE 
= Se eS 
fe Mec I ele) Me ee ae 

[Peseta [TS Neel 
el ae is SS a 
ak 


100 200 


NORMALIZED DC CURRENT GAIN 


Ic. COLLECTOR CURRENT iA) 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 
1.0 


ee TTT LEE ELTHL 
Ar asec / 


GAIN-BANDWIOTH PRODUCT 


TUT ae “LTT 
| vemtov | | LUI 
"COT ee AI HCH fh Ht 
zg Ht} +} —} 44} ee. w LTT a IB ane ae 
; AT LTTE Ee} HARA 
po THT : at aman 
al 3 | 
LLU TT LLU Tg — cif ain 
3 £ 
Sat LL LLU LE LTH Vg Tne all 
E04 z Wt 
3 LULL LTA A 
we) eS 
fee ary ae aa 
ath 7 TTT ‘0 SPEC Et 
CEPA : 
0 10. 20 30 50 70 10 20. 30 + +50 70 100 
1.0 20 30 50 70 10 20 30 70 100 200 


le, EMITTER CURRENT (mA) 


Ic, COLLECTOR CURRENT (mA) 
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2n364/7 


2n36048 _ For Specifications, See 2N3510 Data Sheet 


Gpe = 7.4 db @ 250 Mc 
P, = 2.2 W @ 250 Mc 


NPN silicon annular transistor for power amplifier 
and driver applications to 500 Mc. | 


Emitter Base Voltage EBO 
Collector Current (Continuous) _ Adc 


Power Dissipation 
—@ 25°C Case Temperature 
@ 25°C Ambient Temperature 


+V TEST CIRCUIT 


470 pf 


Ry, = 50 Ohms 


Rie. 470 pf 
50 Ohms = — 
Socket: 
See note 1 


2T No. 14 tinned wire 5/16" ID, 1/4" long 
Ly: 2T No. 14 tinned wire 3/8" ID, 3/16" long 


Note 1: Use a 0. 100" pin circle teflon socket with the emitter 
grounded to the chassis at the top of the socket. 


When making RF power test, the device must be provided 
with an adequate heat sink. 
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2N3664 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


ap ccasy crate foun Voltage 
In = = 30mAdc, R BE = = 0 ohms 


Collector ay eae ney Base Sustain Voltage dc 
Collector-Emitter Cutoff Current 

Vor = 25Vdc, Var = 0, To = +150°C 
Collector-Emitter Cutoff Current 

Vor = 25Vdc, VBE = 0 


Collector -Emitter Cutoff Current 


Vor = 50Vde, Van = 


EB = 4Vdc, In = 0 
DC Current Gain P 
ma EX 
75 Vde 


Vag = 2Vde, I 


= 2Vdc, I 


ce 
oe 


CE 
CE 


Collector-Emitter Saturation Voltage Vor (sat) 
In = 250mAdc, I, = 50mAdc 
Base-Emitter Saturation Voltage 
Ver t 


Small Signal Current Gain 
CE = 15Vdc, I, = 100mAdc, f = 100mc 


Common Base Output Capacitance 
Vo cB = 15Vdc, I = 0, f = 100ke 


ac 


Vor = 25 Vdc 


*Pulse width = 200 ysec Duty cycle < 


**In functional test P it is fixed at 2.2 watts a es is monitored to be s 400 mW. 


THERMAL CHARACTERISTICS 


Thermal Resistance - Junction °C/W. 
to Case 

Thermal Resistance - Junction 
to Air 
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Motorola High-Frequency Transistors 


n37 17 Gp = 7.4 db @ 250 Mc Typ 
ona/ 18 | Po = 4W @ 250 Mc Typ 


NPN silicon annular transistors for power amplifier 
applications at UHF and VHF. Especially designed for 
operation from low voltage power supplies. 


eS 


CASE 79 CASE 24 


MAXIMUM RATINGS 


Characteristic 


V. 


Emitter Base Voltage 


Collector Current (Continuous 


Collector Emitter Voltage 


Power Dissipation 
@25°C Case Temperature 


2N38717 
2N3718 


2N3717 
2N3718 


@25°C Ambient Temperature 


Operating Junction Temperature 
Storage Temperature Range 


2N3717 
2N3718 17.5 
2N3717 175 
2N3718 


Thermal Resistance -Junction 
to Case 

Thermal Resistance-Junction 

toAir — 
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2N3717, 2N3718 (continued) 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted) 


Characteristic | Symbol 


Collector-Emitter Sustain Voltage Yors (sus)* Vdc 
ct 50mAdc, Ror = 0 ohms 
Collector-Emitter Open Base Sustain Voltage Vdc 


VcEO (sus)* 


I 


c= 50mAdc, I, = 0 


B 


Collector-Emitter Cutoff Current pAdc 


Vog = 25Vde, Van = 0, To 


= +150°C 


CE 


Collector-Emitter Cutoff Current vAdc 


Vog = 25Vde, Van = 0 


Collector-Emitter Cutoff Current 


Vop = 50Vde, Van = 0 


—_ 
oS 
So 


Emitter Cutoff Current pAdc 


= 4Vdc, I 


DC Current Gain 


= 2Vdc, I, = 200mAdc 


C 


Q 


Collector -Emitter Saturation Voltage 


Io = 500mAdc, In = 100mAdc 


Vor (sat) 


Small Signal Current Gain 


Vor = 10Vdc, I, = 150mAdc, f = 100mc 


C 


Common Base Output Capacitance 
V = 15Vdc, I. = 0, f = 100kc 


CB 


Watts 


Power Output 


ee 
o ° 


Power Gain 


for) 
i=) 


Efficiency 


Watts 


P= 730 mw, f = 250 mc 


me 25 Vdc 


*Pulse width <200 sec Duty cycle <2% 
**In functional test Pout is fixed at specified value and Py is monitored to be 


s value indicated. 
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Vcko = 40-60 V 
ono/ 19 =. 


2no/20 f; = 60 Mc 


PNP silicon annular transistors for high-speed, high- 
current switching in core and driver applications and 
CASE 31 Class C power amplifiers. | 
(TO-5) 


MAXIMUM RATINGS 


Collector Current—Continuous 
Collector Current—Peak 


Base Current 


Total Device Dissipation @ T, = 2 
Derate above 25°C 


Total Device Dissipation @ Tc = 25°C 
Derate above 25°C 


eee > 
— — 
ie. as 
om Tso 
a | | UN 
i ee NE 
: Nd 
; Lae a te 
= an oe a i 
5 Za EE ee ee 
P= rE en 
oe | | ae 
2 YN ii i a 
: = AL Na 
a \ Ni N 
: EN ~ 
3 + = 
: a 2. - Wa 
hla. W 
a i. N 
Preven stat 
Ei A Se ee 
Veg, COLLECTOR-EMITTER VOLTAGE (VOLTS) 
The Safe Operating Area Curves indicate Io- Ven lim! ¢ devices breakdo 
independent of temperature and duty cycle, these curves can be used as long as the avereae power curve ia ao. taken tuto consideration poy ha 
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2N3719, 2N3720 (continued) 


ELECTRICAL CHARACTERISTICS (at Tc = 25°C unless otherwise noted) 


Collector Leakage Current 
(Vor = 40 Vdc, Vgg = 2 Vde) 2N3719 


(Voz = 60 Vdc, Vpp = 2 Vdc)  —-2N3720 


Collector-Base Cutoff Current 
(Vcp = 40 Vdc, I, = 0, T, = 25°C) 2N3719 


(Vop = 40 Vde, Ip = 0, Ta = 150°C) 2N3719 
(Vop. = 60 Vde, Ig = 0, Ty = 150°C) 2N3720 


Emitter-Base Cutoff Current 
(VpE = 4 Vdc, Ic = 0) 


DC Current Gain* 5 
(Ic = 500 mA, Vor = 1.5 V, Ta = 25°C) 


ig = 1A, Vog = 1.5 V, Ta = 25°C) 
(Ig = 1A, Vog = 1.5 V, Ta-= -40°C) 


Collector-Emitter Saturation Voltage* 
(Ic = 1A, Ip = 100 mA, Ta = -40 to +100°C) 


(Ic = 3 A, Ip = 300 mA, Ta, = 25°C) 


Base-Emitter Saturation Voltage* 
(Ic = 1 A, Ip = 100 mA) 


(Ig = 3 A, Ip = 300 mA) 


Collector-Emitter Breakdown Voltage* 
(ic = 20 mA, Ip = 0) 2N3719 


2N3720 


Collector Output Capacitance Cop 
(Vop = 10 Vdc, Ip = 0,f = 100 ke) 


Input Capacitance Cip 
(Ver = 0.5 Vdc, I, = 0, f = 100 ke) 


40 
60 
Current-Gain — Bandwidth Product 
(Vor = 10 Vdc, Ic = 500 mAdc, f = 30 mc) 


Delay Plas Rise Time ton 
_ Mg = 1 Adc, Ip; = 100 mA) 

| Storage Time 
(Ic = 1 Adc, Ip; = Ipg = 100 mA) 

Fall Time ty 
(Ic = 1 Ade, Ip) = Ipg =. 100 mA) 


* Pulse Test: 
Pulse Width < 300 ,, sec 
Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


2N3719, 2N3720 (continued) 


Vestuen» BASE-EMITTER SATURATION VOLTAGE (VOLTS) 


Ves(sety, COLLECTOR -EMITTER SATURATION VOLTAGE (VOLTS) 


hy,, CURRENT GAIN 


BASE EMITTER SATURATION VOLTAGE VARIATIONS 


1.4 


1.2 


1.0 


=—=—40°C 
—— 25°C 
m-— 150°C 
ob 


— BASE CURRENT (mA) 


COLLECTOR EMITTER SATURATION VOLTAGE VARIATIONS 


AIT TNS CTA 
ATT ASTTSET 
NSTI SSS DPT 
CT ot TTL 


8 10 80 100 600 800 1000 
a BASE men nh 


CURRENT GAIN VARIATIONS 
120 


SO 
HST 
TE Se 


ae milsiion canted cae 


0.1 0.2 
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Motorola High-Frequency Transistors 


Vero = 300 V 
ono/42 lc =50mA 
f, = 30 Mc 


NPN silicon annular transistor for high voltage am- 


plifier applications from D€ to VHF. 
CASE 31 


(TO-5) 


MAXIMUM RATINGS 


a 
Coneorbanevorsse | Voy 


Total Device Dissipation @ T, = 25°C 
Derating Factor Above 25°C 


Total Device Dissipation @ To = 25°C 
Derating Factor Above 25°C 


Operating Junction Temperature 
Storage Temperature Range 


GAIN BANDWIDTH PRODUCT 
ease ee Ser I es os 


le/lg = 10 
Ty = 25°C 


fy, GAIN-BANDWIDTH PRODUCT (mc) 


Vee {set), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


Ig, EMITTER-CURRENT (mA) Ie, COLLECTOR CURRENT (mAdc) 
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Moforola High-Frequency Transistors 


2N3742 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C ambient unless otherwise noted) 


Charactristic | Symbol | Min. | Max |_Unit_| 
Collector-Base Breakdown Voltage BVcBO Vde 
(Ip = 100 y, Adc, Ip = 0) 
Collector-Emitter Breakdown Voltage* BVcEo* Vdc 
Ic = 10 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVgERO 
(Ig = 100uAdc, Ip = 0) 


Collector Saturation Voltage ** VcKE(sat) 
(Ic = 10 mAdc, I, = 1 mAdc) _. 

Base-Emitter Saturation Voltage ** VER (sat 
(ig = 10 mAde, Ig = 1 mAde) BEV ” | 
(ic = 30 mAde, Ip = 3 mAdc) 


(Ic = 30 mAdc, I, = 3 mAdc) 
DC Current Gain ** 
(Ip = 3 mAdc, Vor = 10 Vdc) 
(ig = 10 mAdc, Vag = 10 Vdc) 


(Ig = 30 mAdc, Vog = 10 Vde) 
(ic, = 50 mAdc, Vog = 20 Vde) 


Collector Cutoff Current 
(Vop = 200 Vdc, In = 0) 


(Vop = 200 Vdc, Ip = 0, Ta =.100°C) 


Emitter Cutoff Current 
Ves = 6 Vde, Io = 0) 


eh 


Small Signal Current Gain 
(Voge = 20 Vde, Ic = 10 mAdc, f = 20 mc) 


Output Capacitance 
(Vop = 10 Vdc, I, = 0, f = 100 kc) 


Input Capacitance 
(Vep = 0.5 Vde, Io = 0, f = 100 ke) 


Small Signal Current Gain 
i = 10 mA, Vog = 10 V,f = 1 ke) 


Voltage Feedback Ratio 
(ic = 10 mA, Vog = 10 V, f= 1 ke) 


Input Impedance 
(Ig = 10 mA, Vog = 10 V, f= 1 ke) 


Output Admittance 
(ig = 10 mA, Vo, = 10 V, f= 1 ke) 
Real Part of Input Impedance Re(hie) 


= — 
recaoeG . 


Hit 


(Ig = 10 mA, Vog = 10 V, f = 5 me) 


*pw S30 usec, Duty Cycle < 19, 
**Pw <300 usec, Duty Cycle < 2%, 
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2N3742 (continued) 


REVERSE TRANSFER ADMITTANCE 


INPUT ADMITTANCE 


2 oe a ee 
BS BE mama 
2 ewe 


a a es es maton a —H- 
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(SOUL) JONVLLINGY LEN “4 


le, EMITTER CURRENT (mAdc) 


lg, EMITTER CURRENT (mAdc) 


OUTPUT ADMITTANCE 


FORWARD TRANSFER ADMITTANCE 


| CCCI COIR 


Ig, EMITTER CURRENT (mAdc) 


eae 
Nee TL 


ga 


8 $8 8 
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PT et 
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te, EMITTER CURRENT (mAde) 


GURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


Ty = 25°C 


rae 
va 
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Motorola High-Frequency Transistors 


\N Voto = 300 V 
Ic = 50mA 
f; = 30 Mc 


2no/43 


PNP silicon annular transistor for high voltage am- 
plifier applications from DC to VHF. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


ee 
a 
Sa 
—a 


Total Device Dissipation @ T, = 25°C 


Derate Above 250C 


Total Device Dissipation@ Tp = 25°C 


Derate Above 25°C 


Operating Junction Temperature 
Storage Temperature Range 


GAIN BANDWIDTH PRODUCT 


fy. GAIN-BANOWIDTH PRODUCT (me) 


Vesa), COLLECTOR-EMITTER SATURATION VOLTAGE (VOLTS) 


ee 
ear Ge Fz] 
ies 
ae ia 
i Ez 
ea oles 
ee es 
=e 


ath 
E 


a a 


s' 
2 | 
= 4 


1 2 3 #5 7 W 2 30 


Ig. EMITTER CURRENT (mA) le, COLLECTOR CURRENT (ma) 
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Moforola High-Frequency Transistors 


2N3743 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified) 


DC Forward Current Gain** 
(Ic = 100 pAdc, Vcg = 10 Vde) 


(Ig = 1 mAdec, Vog= 10 Vde) 

(Ic = 10 mAdc, Vog = 10 Vdc) 
(Ic ='30 mAdc, Vor = 10 Vde) 
(Ic = 50 mAdc, Vog = 20 Vdc) 


Characteristic | Symbol | Min | Max | Unit 
’ Collector-Base Breakdown Voltage BVcRo Vde 
(Ic = 100 wAde, Ip = 0) 
Collector-Emitter Breakdown Voltage* BVcrKo* Vde 
(Ig = 10 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVEBO Vde 
(Ip = 100 pAdc, Ic = 0) 
Collector Saturation Voltage** VcE(sat)** Vde 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(L. = 80 mAdc, Im = 3 mAdc) 
Base-Emitter Saturation Voltage** VBE(sat) ** Vde 
(Ic = 10 mAdc, Ip = 1 mAdc) 
(Ic = 30 mAdc, Ip = 3 mAdc) 


Collector Cutoff Current 
(Vop = 200 Vdc, Ip = 0) 


(Vop = 200 Vde, Ip = 0, Ty = 100°C) 


S 
to 


IcBO 
| tel 
Ne 


Emitter-Base Leakage Current 
(Vpp = 8 Vde, Io = 0) 


Small-Signal Current Gain 
(Ic = 10 mAdc, Vog = 20-Vdc, f = 20 mc) 


Output Capacitance 
(Vop = 20 Vdc, Ip = 0, f = 100 ke) 


Input Capacitance 
. (Vip = 1 Vde, Ic = 0, f = 100 kc) 


Small Signal Current Gain = | 


(Voge = 10 V, Ig = 10 mA, f = 1 ke) 


Voltage Feedback Ratio 
(Veg = 10 V,Ic¢ = 10 mA, f = 1 ke) 


5 


Input Impedance . 
(Veg = 10 V, Io = 10 mA, f= 1 ke) 


Output Admittance 
(Vog = 10 V, Ic = 10 mA, f = 1 ke) 


@ 


Real Part of Input Impedance Re(h,,) 
(Ig = 10 mAdc, Vox = 10 Vde, f = 5 me) 


*pw < 30 psec, Duty Cycle < 1% 
sepy < 300 psec, Duty Cycle £ 2% 
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Motorola High-Frequency Transistors 


2N3743 (continued) 


INPUT ADMITTANCE 


REVERSE TRANSFER ADMITTANCE 


4 +— oS 
2 es 1 az a « 
= Bs is aw 
ae Tee i L NING fT tT CUT 
ee | ea eS 
ae | | initia 
Bia fell ee sy 
Ean a ri" 3 & 
Ee Ll, 2 § 
a ee 7 Ss = 
as are i = = 
=e ae inna = < 
pes Peed i E 5 
mm me 1 5 «& 
a ae 2» § 
2? i_— 
ie 
= S as = 
| a 
aa a 
2 4 
ee = 
Seta ama Suiiaatae 8 
<< 
HINT a3 Sul it | 
CO AN Aaa : = (F108 i 
CORMAN TC. & 
ee ti Se ee es eee + q 5 rs 2 ine me ee a 
eee soe ee oe eo 
ee ee E oc 
PP A ee AD a SO. 2 
[KIS 2 & 
=e 
= 
ct 
2 


EA EET LNT : aH 
S g 228 g 


S72 S <2 


(SOUL) JONVILLINCY SIISNVUL CUYMUOS “°K 


(SOLU) JONY LUCY LNdNI “AK 


te, EMITTER CURRENT (mAde) 


le, EMITTER CURRENT (mAdc) 


CURRENT GAIN CHARACTERISTICS versus COLLECTOR EMITTER VOLTAGE 


), 3 
Lett | 


NIWO INIWUND 90 %4y 


Ic, COLLECTOR CURRENT (mA) 
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Motorola High-Frequency Transistors 


2N3783 thru 2n3785 vas Sasa 
G, = 18-20 db @ 200 Mc 
NF = 2.2-2.9 db @ 200 Mc 


PNP germanium epitaxial mesa transistors for high- 
gain, low-noise amplifier, oscillator and frequency 
multiplier applications. 


CASE 22 
~ (TO-18) 


MAXIMUM RATINGS 


| Gharaceristics | Sambal EN 
[Saisie voe dese | 
eo 
veo 


— crs ts 
Total Device Diss Diseppaticn @ T, = 25°C 
Derate above 25 C 


Junction Operating & Storage Temperature Ty, -65 to +100 
Range T stg 


200 MC POWER GAIN AND NOISE FIGURE TEST CIRCUIT 
SHIELD 


CN _9* 
ti 0.7 —9* pf 


tl OUT 
5) 50a. 
0.7 —9° pf ©) R, 


| 
| 2-8 pf 
| 
| 


IN = => ‘a KOTES: 
ry Rhee L-1 % Inch Inside dismeter, % Inch length, 4 tums #20 solid copper wire, center tapped. 


T-l % Inch Inside diameter, close wound, 3 turns #26 solid copper wire. 1:1 retto 
bi-filler wound. 
* — High Quality piston type capacitor. 


Distance from emitter contect of transistor to ground side of bypass capacitor 
should be kept minimum. 


2—8 pf 3.9 ph ee 


Motorola High-Frequency Transistors 


2N3783 thru 2N3785 (continued) 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


Characteristics an Test Conditions } Min | Max. 
Collector-Base Break BVcp9 = -100 wade, Ig 2N3783, 2N3784 2 {- |= 
down Voltage 2N3785 
Collector-Emitter BVcorg = -100 pAdc, Vip = 2N3783, 2N3784 
Breakdown Voltage 2N3785 
Collector-Emitter BVcEO = -2 mAdc, In = 0 2N3783, 2N3784 
‘Breakdown Voltage 2N3785 
Emitter-Base Break a 
down Voltage BVepo |IE= -100 pAdc, I, All Types 

Vop = -10 Vdc, Ip = 0 All Types 

Vop = -10 Vde, Ip = 0, Ta = +55°C 2N3783, 2N3784 
Emitter Cutoff CurrentIppo = -0.5 Vdc, I, = 0 All Types | — | — bro | 
DC Forward Current hpp Vor = -10 Vde, I, = -3 mAdc 2N3783, 2N3784 2 |— |e 
|Transfer Ratio 2N3785 
Collector-Emitter V Ic = -5.0 mAdc, Ip = -1.0 mAdc 2N3783, 2N3784 Vdc: 
Saturation Voltage CE (6at) . 2N3785 a 
Base-Emitter Vv. = -5.0 mAdc, Ip = -1.0 mAde 2N3783, 2N3784 -0.55 
ISaturation Voltage PE (sat) c 2N3785_ i -0.65 


Small-Signal Forward 
Current Transfer hee 


= -$3 mAde, Vopr = -10 Vde, f = 1 ke 2N3783, 2N3784 


200 
2N3785 200 
Current Gain - Band = -3 mAdc, Vog = -10 Vde, f = 200 mc 2N3783 800 sex 
width. Product 2N3784, 2N3785] 700 sex 
Collector-Base Time r)C,, Vop = -10 Vde, Ip = s mAdc, f = 31.8 mc 2N3783, 2N3784 psec 
Constant 2N3785 
Collector-Base Cop Vop = -10 Vdc, Ip = 0,f£ = 100 ke 2N3783, 2N3784 
/Capacitance 2N3785 
Vog = -10 Vdc, I, = -3 mAdc, f = 200 mc 2N3783, 2N3784 eae 

2N3785 


Noise Figure Vor = -10 Vdc, In = -3 mAdc, f= 200 mc 2N3783 


: 2N3784 
1G 2N3785 


Power Gain (AGC) G (AGC) Vog = -10 Vde, Io = -15 mAde, f = 200 mc 2N3783 
Note 1 2N3784, 2N3785 
eas = -10 Vde, I, = -3 mAde, f = 1000 mc 2N3783 

2N3784 


NOTE 1: AGC is obtained by increasing Ic: The circuit remains adjusted for Vo, = -10 Vdc and I; = -3 mAdc. 


NOTE 2: This Noise Figure was obtained using Hewlett-Packard Type 342A Noise Figure Meter and Type 349A 
Noise Source. 


Noise Figure 
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Motorola High-Frequency Transistors 


2N3783 thru 2N3785 (continued) 


GAIN versus COLLECTOR CURRENT Saaewint easier oe 


IR IGREAKGE 
TCT TAT as 
TY VL 
Th 


G,, POWER GAIN (¢b) 


Voce. COLLECTOR-EMITTER VOLTAGE (Vdc) 


Ic, COLLECTOR CURRENT (mA) Ic, COLLECTOR CURRENT (mA) 


MAG & MAXIMUM NF versus FREQUENCY NOISE FIGURE versus SOURCE RESISTANCE 


f= 200 me 
Veg = —10 Vdc 


MAG (db) 
NF, NOISE FIGURE (db) 
NF, NOISE FIGURE (db) 


BN 


P 
aE 
E 
f 
TAL 
DAL 
| hN 
a 


Le eN 
= 


0 
; 50. 70 = 100 200 300 500 700 )=— 1000 
f, FREQUENCY (nic) R,, SOURCE RESISTANCE (ohms) 
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Motorola High-Frequency Transistors 
Veto = 60V 


ono/98 4 = Eo pomA egies 
«<= 150 & 300 min. 
2no/ 99 NF=1.5-2.5 db @ 10 ke 


PNP silicon annular transistors for low-level, low- 
noise amplifier applications. 


CASE 22 


(TO-18) 


MAXIMUM RATINGS 


| Characteristics 
Collector-Base Voltage 


Emitter-Base Voltage VEBO 
Collector Current 


| 
Total Device Dissipation @ T, = 25°C 1.2 Watts 
Derating Factor Above 250° 6.9 mw/°C 
Total Device Dissipation @ T, = 25°C 0.36 Watt 
Derating Factor Above 250 | 2.06 mw/°c 


mone | | [fl 
HET TET fn 
ee VA 
WNIT EE YET 
NTN | LLY bey 
Reeth lit | Lay 


RAS ic 100 ,:A, 
GED Pg a ~ 
SS ar 
; ee lesa 
0.1 02 03 0.50.7 1.0 23 5 7 10 20 30 50 70100 0.1 02 03 0.5 0.71.0 23 57 10 20 30 50 70 100 
{, FREQUENCY (ke ) and Rg. SOURCE RESISTANCE (kohms) f, FREQUENCY {ke} and R,, SOURCE RESISTANCE (kohms) 


NIESSHNES MDA 
WT ee 
CINCY 
Cte TT te 
iNet IVY 


\ N v, 
Sere NY 
NSS aie. NBZ p2785 


== 
_ 


NF. Noise Figure tdb) 
NF, Noise Figure (db) 
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Motorola High-Frequency Transistors 


2N3798, 2N3799 (continued) 


ELECTRICAL CHARACTERISTICS (At 25°C unless otherwise noted) 


Cellector-Base Breakdown Voltage 
(lg = 10 wAde, Ip = 0) 


Collector-Emitter Breakdown Voltage 
ic = 10 mAds, Ip = 0) 


Emitter-Base Breakdown Voltage 
(ig = 10 pAde, Ic = 0) 


Collector Cutoff Current 
(Vop = 50 Vdc, Iz = 0) 
(Von = 80 Vde, Ip = 0, T, = 150°C) 


' Emitter Cutoff Current 
(Vog = 4 Vas, Ip = 0) 


Collecter-Emitter Saturation Voltage® 
(ic = 100 pAde, Ip = 10 p Adc) 


(lg = 1 mAde, Ip = 100 wAdc) 


Base-Enutter Saturation Voltage* 
Qo = 100 wAdc, Ig = 10 Adc) 


(ic #1 mAde, Ip = 100 wAdc) 


DC Forward Current Transfer Ratio* 
1) = 1 wAdec, Vog = § Vdc) 2N3709 


= 10 pAde, Vog = 5 Vde) &2N3788 
a - 2N3789 


(ig = 100 Ade, Vog = 5 Vac) 
(ic = 100 pAde, Vog = 5 Vde, Ta = -58°C) 
(ig = 500 pAdc, Vog = 8 Vdc) 2N3708 


2N3709 
(ig = 1 mAde, Vog = 5 Vie) 2N3798 


(ic = 10 mAde, Vog = 5 Vac) 


2N3789 


Base Emitter ‘‘ON’’ Voltage 
lle bed 100 wAde, Von = 6 V) 


Output Capacitance 
(Vop = 5 Vde, Ig = 0, f = 100 kc) 


Input Capacitance 
(Vop * 0.5 Vde, Ig = 0,£ = 100 ke) 


3 


VBE(ON) 


Small Signal Current Gain 
cp = 500KA,VCE = SV,f£= 80 me) 
Wc = 1mA, Vor = 6 V,f = 100 mc) 
= 1mA, V, = 10V,f= 1 ke) 2NS788 
4c ce : 2N3709 


Voltage Feedback Ratio 
(ig = 1.0 mA, Vop.= 10 V, f= 1 ke) 


[23 
° 


pace | 


Input Impedance ) ‘5 
® 10mA, Vop = 10V,f= 1 ke 2N3788 
% pe 2N3709 
Output Admittance e 


cg = 1.0 mA, Vo ¢ * 10V,f = 1 ke) 


Noise Figure 
2s 100 2A, Vog = 10V, Rg = SK ), 
= 100 cps: 2NS788 
2N3799 


f =l1ke 
f = 10 ke 


Noise Bandwidth 10 cps to 15.7 ke 2N3768 
2N3799 


di 


~p OF Of BD 
a es - © ob 
eaoeoo oa a 


* Pulse Test $00 ysec, duty cycle S 2% Voy - Base-Emitter Reverse Bias 


8-235 


Motorola High-Frequency Transistors 


2N3018 P, = 15 W @ 100 Me 


NPN silicon annular transistor for high-frequency 
power applications to 150 Mc. 


CASE 36 
(TO-60) 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage pO 
Collector-Emitter Voltage Ce 


[pera 


Total Device Dissipation 
@ 25°C Case Temperature 


Derating Factor above 25°C 


25.0 Watts 
167 mwW/°C 


Note 1. The maximum ratings as given for DC conditions can be exceeded on a pulse basis. See electrical 


characteristics. 
POWER OUTPUT versus FREQUENCY OUTPUT CHARACTERISTICS versus POWER OUT 
g — 
G oO 

E & WE g 
ze a < ; 
& z = Z 
(=) 8 B z 
e Q 60-+F 15 
=) Faq > S 
3° fu 5 
mG a oO Fs 
= S 40-8 10 e 
-¥ 2 3 a 

x 4 2 f = 100mc a 

8 6 20 % 5 “7, 3 25C 3 
A, 8 P : : 

‘ P : ; ATT 
{, FREQUENCY (mc) in’ POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors 


2N3818 (continued) 
ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


ee 


Collector-Emitter Sustain Voltage VcEs(sus) * 
I, = 0.25 Adc, R,, =0 
= he 


Cc BE 


Collector-Emitter-Open Base Sustain 
Voltage 


I, = 0.25 Ade, I, = 0 


8 
e 


Collector -Emitter Current 


VaAp = 60 Vdc, “BE ~° 


CE 


Vor 


= 50 Vde, Va, =0, T,,=175°C 


BE Cc 


oO 
oi 
ot 
a. 
Q 


Collector Cutoff Current 


Vop = 50 Vde, I, =90 


Emitter Cutoff Current 


Vip = 4 Vde, 1, =0 


EB 


DC Current Gain 


= 400 mAdc, V E* 2 Vde 


Io 


I, =1 Ade, V 


C 


CE= 2 Vde 


Collector-Emitter Saturation Voltage 


Io = 1.0 Adc, In = 250 mAdc 


Base-Emitter Saturation Voltage 


In = 1.0 Adc, I = 250 mAdc 


AC Current Gain 
Vor = 2.0 Vdc, In = 400 mAdc, 
f = 50 mc 


Collector Output Capacitance 


Vop = 25 Vde, I, =0, f = 100 ke 


*Pulse Measurement: Pulse Width.<100 usec, Duty Cycle = 2%. 
POWER OUTPUT versus COLLECTOR VOLTAGE POWER OUTPUT versus POWER INPUT 


{ 2=100 mc 


Te 225C 


P out? POWER OUTPUT (WATTS 
P out? POWER OUTPUT (WATTS 


0 5 10 15 20 25 30 0 1 2 3 4 5 


COLLECTOR-EMITTER VOLTAGE (VOLTS) Pin POWER INPUT (WATTS) 
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Motorola High-Frequency Transistors 


mes2135, mcs2136 ace 


C.. = 3 pf : 
NF = 3-4 db @ 15.7 ke 


NPN silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 


CASE 37 


MAXIMUM RATINGS 


Characteristic 


| feet | tt 
ee 
Pe [= 
a 


Emitter-Base Voltage 
Total Device Dissipation @ T A= 25°C 150 mW 
1.5 mWw/°C 


Derating Factor Above 25°C 
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Motorola High-Frequency Transistors 


MCS2135, MCS2136 (continued) 
ELECTRICAL CHARACTERISTICS (25°C Ambient unless otherwise noted) 


pS Characteristic | Symbol | Minimum | Maximum | Unit | 
B Vdc 


Collector-Base Breakdown Voltage 
I, = 10 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 
I, = 10 mAdc, in = 0) 


Emitter-Base Breakdown Voltage 
(L, = 10 uAdc, In = 0) 


Collector Cutoff Current 
Vop = 50 Vdc, L = 0) 


(Von = 50 Vde, I, = 0, T, = 100°C) 


Emitter Cutoff Current 
Ves = 5 Vdc, In = 0) 


DC Current Gain* 
Qo = lywAdc, Vor = 5 Vdc) MCS2136 


(I, = 10 wAde, Vog = 5 Vde) MCS2135 
MCS2136 

I = 10 Adc, Vor = 5 Vdc) MCS2135 
| MCS2136 

(L, = 10uAde, V. = 5 Vdc, T, = -55°C) | MCS2135 
Cc CE A MCS2136 
(I, = 1.0 mAde, Vog = 5 Vdc) MCS2135 
MCS2136 

(I, = 10 mAde, Veg = 5 Vde) MCS2135 


MCS82136 


Collector-Emitter Saturation Voltage* 
(Il, = 10 Adc, I, = 10 wAdc) 


(I, = 1.0 mAdc, lL, = 100 wAdc) 
Base-Emitter Saturation Voltage* 
(Iq = 100 wAdc, I= 10 wAdc) 

I, = 1.0 mAdc, I, = 100 wAdc) 


Base-Emitter On Voltage 
I, = 100 wAdc, Vor = 5.0 Vdc) 


High-Frequericy Current Gain 
(I, = 500 wAdc, Vor = 5 Vde, f = 30 mc) 


(I, = 1.0 mAdc, Vor = 5 Vdc, f = 100 mc) 


Output Capacitance 
Voz = §.0 Vdc, I. = 0, f = 100 kc) 


Input Capacitance 


(Ving = 0.5 Vde, I, = 0, f = 100 ke) 


Cc 
Small Signal Current Gain 
I = 1.0 mAdc, Vor = = §.0 Vdc, f = 1 kc) MCS2135 
MCS2136 


Input Impedance 
cm ‘= 1.0 mAdc, Vor = 5,0 Vdc, f = 1 kc) MCS82135 
MCS82136 


Voltage Feedback Ratio 

I, = 1.0 mAdc, Vor = §.0 Vdc, f = 1 kc) 

Output Admittance umhos 
| Gg = 1.0 mAdc, Voz = 5.0 Vde, f = 1 kc) 


Noise Figure (Power Bandwidth = 15.7 kc) 
I = 10 nAdc, Vor = 5 Vdc, R_ = 10 kohms) MCS2135 
8 MCS2136 


*Pulse Test: PW = 300 psec, Duty Cycle $ 2% 
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Motorola High-Frequency Transistors 


| Veco = 60 V 
mes2137, mcs2138 Ic = 50mA 
. Cop =3 pf 
NF = 3-4 db @ 15.7 kc 


PNP silicon annular transistors in a micro-ceramic 
package for general-purpose, low-current switching 
and amplifier applications. 


CASE 37 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 


sett | non | tt 
ref. p= 
ee 
ee 
Total Device Dissipation @ T A” 25°C 150 mW 

1.5 mW/°C 


Derating Factor Above 25°C 
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MCS2137, MCS2138 (continued) 


Motorola High-Frequency Transistors 


ELECTRICAL CHARACTERISTICS (25°C Ambient unless otherwise noted) 


Characteristic . | Symbot | 


Collector-Base Breakdown Voltage 
do = 10 wAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 
Uo = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
(Il, = 10 wAdc, In = 0) 


Collector Cutoff Current 
Voz = 50 Vdc, I. = 0) 


(Vog 7-50 Vde, I, = 0, T, = 100°C) 


A 

Emitter Cutoff Current 
Ven = § Vdc, In = 0) 

DC Current Gain* 
I, = lwAdc, VoE 
(I, = 10 nAdc, Vor 


= 5 Vdc) 
= 5 Vdc) 


(I, = 10uAdc, V,, = 5 Vdc) 


CE 


= 5 Vdc, T, = -55°C) 


CE 
I, = 1.0 mAdc, V 


tre = 10 uAdc, V A 


CE = 5 Vdc) 


= 5 Vdc) 


(I, = 10 mAdc, V 


CE 


Collector-Emitter Saturation Voltage* 
I, = 10nAdc, I, = 10 uAdc) 


(I, = 1.0 mAdc, I, = 100 wAdc) 


Base-Emitter Saturation Voltage* 
(I, = 100 wAdc, I, = 10 wAdc) 


(I, = 1.0 mAde, 1, = 100 zAdc) 


Base-Emitter On Voltage 
I = 100 wAdc, Vor = 5.0 Vdc) 


High-Frequency Current Gain 
I, = §00 wAdc, Vor = 5 Vdc, f = 30 mc) 


Iu = 1.0 mAdc, Vor = § Vde, f = 100 mc) 


Output Capacitance 
Vop = §.0 Vdc, lL. = 0, f = 100 kc) 


Input Capacitance 
Vip = 0.5 Vde, I, = 0, f = 100 kc) 


Small Signal Current Gain 
(I, = 1.0 mAdc, Vp, = 5.0 Vde, f = 1 ke) 


Input Impedance 


I, = 1.0 mAdc, V_,, = 5.0 Vde, f = 1 kc) 


CE 


Voltage Feedback Ratio 
Io = 1.0 mAdc, Vor = §.0 Vdc, f = 1 ke) 
Output Admittance 


(I, = 1.0 mAdc, V,,, = 5.0 Vdc, f = 1 kc) 


CE 


Noise Figure (Power Bandwidth = 15.7 kc) 
(I, = 10uAdc, Von, 


*Pulse Test: PW < 


MCS2138 


MCS2137 
MCS2138 
MCS2137 
MCS2138 
MCS2137 
MCS2138 
MCS2137 
MCS82137 
MCS2138 
MCS2137 


MCS2137 


~ MCS2138_ 


MCS2137_ 


MCS2138 


MCS2137 
MCS2138 


= § Vdc, R, = 10 kohms)MCS2137 


MCS2138 


300 psec, Duty Cycle < 2% 
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. “ es 


“Els 
rae 


0.7 


| Voss = 60 V 
mr812 G,.= 8 db @ 30Typ 


CASE 1 NPN silicon annular transistor for high-frequency amplifier 


(TO-3) and oscillator applications. 
MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 
Collector Current (Continuous) 
Base Current (Continuous) 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature 


Collector-Cutoff Current (Voz = 30 Vde, Ib = 0) 


Collector-Emitter Cutoff Current 
(Vor = 60 Vdc, Ver = 0) 


Vor= 50 Vdc. Var = 0, T,, = 150°C) 
noe ras Cc 


(Vp = 3 Vdc, I, = 0) 


Collector-Emitter a Voltage Vors (sus) 
(Ip = 0.250 A, R, = 0, PW< 100 usec, DC = 2%) oe 
Collector-Emitter Open-Base Sustaining orgs Vora ) 
(I, = 0.250 A, I, = 0, PW 100 usec, DC = 2%) suas 


DC Current Gain hop _— 
(Io = 2 Adc, yok = 2 Vdc) 
(I, = 4 Adc, VA, = 2 Vdc) 

Coll ctor-Emitter” Ba turation Voltage VoR(sat) Vdc 
I, = 4.0 Adc, I, = 2 Adc) 


Base-Emitter Saturation Voltage Vv Vde 


High-Frequency Current Gain 
(Iq = 2 Adc, Vor = 2 Vdc, f = 25 Mc) 


Output Capacitance 
(Vop = 25 Vdc, L, = 0, f = 100 kc) 


Power Input Watts 
BPW. aemvm ooereea] = || 
Efficiency 7 
Power Gain 7.0 
Eo eee cay sf. te 
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Vers = 60 V 
MFOS2 G,;—= 8db @ 50Typ 


P, = 30 W @ 50 Mc 


CASE Ges NPN silicon annular transistor for high-frequency amplifier 
(TO-3) and oscillator applications. 


MAXIMUM RATINGS 


Characteristic 


Collector-Base Voltage 
Collector-Emitter Voltage 
Emitter-Base Voltage 


Collector Current (Continuous) 


Base Current (Continuous) 


Total Device Dissipation 
(25°C Case temperature) 
(Derating Factor above 25°C) 


Junction Temperature 


Storage Temperature 


ELECTRICAL CHARACTERISTICS 


Collector-Cutoff Current (V,., = 30 Vde, Ip = 0) hee K— | — [2 | maae | 
Vog = 50 Vde, Van = 0, T 


Collector-Emitter Cutoff Current logs mAdc 
(Vor = 60 Vdc, VBE = 0) 
(Vo BE = 9 Tg = 150°C) 

Emitter-Cutoff Current pAdc 
(Vip = 3 Vdc, I= 0) 

Collector-Emitter Sustaining Voltage VoEs(sus) Vdc 
tre = 0.250 A, Ror = 0, PW< 100 psec, DC = 2%) 


Collector-Emitter Saturation Voltage 


cone ras ene |= T= 
High-Frequency Current Gain 
oe ce al es 
“Rope ve Sai i il Ua Lads 
(Vop = = 25 Vdc, I, = 0, f = 100 kc) 
Power Input Watts 
(P,, = 30 W, f = 50 Mc, Vor = 25 Vdc, To(max) =2A a pies 
Efficiency 7 


Power Gain 
(P,, = 30 W, f = 50 Mc, Vor = 25 Vdc, I C(max) =2A 
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Collector-Emitter Open-Base Sustaining Voltage 
(I, = 0.250 A, I, = 0, PW < 100 usec, DC = 2%) 


DC Current Gain 
(I, = 2 Adc, Vor 


(I, = 2 Adc, Vor 


= 2 Vdc) 
= 2 Vdc) 


Motorola High-Frequency Transistors 


7 G,=9db @ 175M 
mm 1941 P, = 100 aw @ 175 Mc 


NPN silicon annular transistor for high-frequency 
power oscillator, multiplier and driver applications. 


a 


CASE 22 
(TO-18) 


MAXIMUM RATINGS é(at 25°C case temperature unless otherwise noted) 


Characteristic 
Collector-Base Voltage 


Collector-Emitter Voltage 
Emitter-Base Voltage VERB 
Base Current 


Collector Current 
Input Power 
Output Power 


Power Dissipation @ To = 25°C 
Derate above 25°C 


Power Dissipation @ T A 725°C 
Derate above 25°C 


Junction Temperature 


Storage Temperature 


T -65 to +175 °C 
— ee ee 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


Characteristic mbt Test Conditions 
V 
B 
BV 


*See Safe Area Curve 


Collector-Base 
Breakdown Voltage 


Collector-Emitter * |, = 15 mA, R. = 0 
Sustain Voltage CES(sus) "BE le] 
Seam hae 
Topo 


Io 
Io 
Collector Emitter-Open I. = 15 mA, I, =0 
Base Sustain Voitge | CBOVH) 
Collector Cutoff Current Vop = 15 Vdc, In =0 
Vos = 15 Vdc, In = 0, To = 100°C 
Io 
Vo 


Emitter Cutoff Current | spo | ‘Vip = 3 Vdc, Io = 0 p= [Ot | 10 | wade | 
[te | ema Ly 
a Bd 
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DC Current Gain = 10 Vdc 


CE 


AC Current Gain E™ 10 Vde, Io = 10 mAdc 


f= 100 mc 


Collector Output Vos = 15 Vdc, I, 30, f= 100 kc 


Capacitance 


Motorola High-Frequency Transistors 


MM1941 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Characteristic Symbol Test Conditions min | Tye 
ee kL ee eee Ls 


Power Output P ae f = 80 mc, Voc = 13.6 Vdc, 
(Oscillator) I = 20 mAdc 
C(typ) 


Power Gain (Multiplier) in” 80 mc, f out 240 mc 


cc” 13.6 Vdc, Fae 30 mW 
Io (typ) = 25 mAdc 


*Pulse Test: PW = 100 usec; DC = 2% 


POWER OUTPUT versus FREQUENCY POWER OUTPUT versus FREQUENCY 


: SHH SS 
é = 20 
E SSN 
5 Eis 
irs} 
Fa g 
. = 100 
; - Titi ft ff 

50 

0 

50 100 
f, FREQUENCY (mec) f, FREQUENCY (me) 
INPUT AND OUTPUT IMPEDANCE versus 
SAFE OPERATING AREA COLLECTOR CURRENT PARALLEL EQUIVALENT 
g 

é 
: E 


0 
0 2 4 6 8 io) 6128 6 8 2 
Veg, COLLECTCR-EMITTER VOLTAGE (VOLTS) le, COLLECTOR CURRENT (mA) 


POWER OUTPUT CHARACTERISTICS POWER OUTPUT CHARACTERISTICS 


Poot POWER OUTPUT (mW) 


Pours POWER OUTPUT (mi) 


P,,, POWER INPUT (m¥) P.,. POWER INPUT (mW) 
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Motorola High-Frequency Transistors 


) | G,=9db @ 175 Mc 
mm 1943 rm P, = 300 mW @ 175 Mc 


NPN silicon annular transistor for high-frequency 
CASE 22 multiplier and driver applications. 


(TO-18) 
MAXIMUM RATINGS éat 25°C case temperature unless otherwise noted) 


Emitter-Base Voltage 


Base Current 


Output Power 


Device Dissipation @ Tg = 25°C 
Derate above 25°C 


Device Dissipation @ T, = 25°C 
Derate above 25°C 


T gtg 


Collector-Emitter 
Sustain Voltage 


Collector-Base 
Breakdown Voltage 


Collector Emitter-Open 
Base Sustain Voltage 


Collector Cutoff Current 01 


Iq = 10 mAde, Von 


AC Current Gain Vor = 10 Vde, In = 10 mAdc q 
f= 100 mc 
Collector Output Cc Vag = 15 Vde, 1, =0, f= 100 kc 


= 10 Vde 
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Motorola High-Frequency Transistors 


MM1943 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Characteristic Symbol Test Conditions jin | typ | Max | ait 
Power Gain = 13.6 Vdc, I ) 713. 6mA 
bo eee OE Er C (max Sa he Lee 


Efficiency 
Power Gain (Multiplier) in” 80 mc, fout 7 240 mc 
= 13.6 Vdc, Pout = 70 mW 
I = 20 mAd 
C(typ) : 


*Pulse Test: PW = 100 usec; DC = 2% 


POWER OUTPUT versus FREQUENCY 


5 5 
a 
2 2 
& 
: : 
z = 
a a? 
f, FREQUENCY (me) f, FREQUENCY (me) 
‘(NPUT AND OUTPUT IMPEDANCE versus 
SAFE OPERATING AREA COLLECTOR CURRENT PARALLEL EQUIVALENT 
Z 
a s 
= 5 
e PULSE WIDTH 2 
: ih i SS oe a CYCLE 7 
5 ay 3 
2 2 
$ 5 
2 
o 2 4 6 8 WwW 2 8 6 Bb 2 
Vcg, COLLECTOR-EMITTER VOLTAGE (VOLTS) Ic. COLLECTOR CURRENT (mA) 
POWER OUTPUT CHARACTERISTICS POWER OUTPUT CHARACTERISTICS 
xR 
°F 
J "Be 
: Se 
3 MES 
4 & Ge 
2 ok z 
= =e 
a? 40 q ta 


Pia» POWER INPUT WWD Pigs POWER INPUT (mW) 
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mm COLLECTOR EFFICIENCY (%) 


Motorola High-Frequency Transistors 


Vero = 30V 
mm 2503 G, = 20 db @ 200 Mc 


PNP germanium annular transistor for high-gain, 
low-noise amplifier, oscillator and frequency multi- 
CASE 22 plier applications. 
(TO-18) 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage CBO ae 


Collector-Emitter Voltage V CES Vdc 
Collector-Emitter Voltage -15 Vdc 


Emitter -Base Voltage EBO 


Collector Current 


Total Device Dissipation 
(25°C Ambient Temp. ) 
Derate above 25° C 


Junction Temperature T J 
Storage Temperature -65 to +100 
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Motorola High-Frequency Transistors 
MM2503 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 
Collector -Base Breakdown Voltage BV CBO Vdc 
Io = -100u Adc, I, = 0 


Collector-Emitter Breakdown Voltage 


I, = -100pAdc, Vip = 


Collector-Emitter Breakdown Voltage 
Io = -lmAdc, I, = 0 


Emitter-Base Breakdown Voltage 


I, = -100u Ade, 1, = 0 


Collector-Cutoff Current 
= -6Vdce 


= -6Vde, T, = +55°C 


A 


DC Forward Current Ratio 
Vv CE= -6Vdc, In = -3mAdc 
Collector-Emitter Saturation Voltage V CE(sat) Vdc 
I. = -3mAdc, I, = -0.3mAdc 
Cc B 
Base -Emitter Saturation Voltage V Vdc 
I, = -3mAdc, I., = -0.3mAdc BE(sat) 
Cc B 
Woe = 2¥8e, p= “made, f= ee 


Collector-Base Capacitance Cob 
VoB = -6Vdc, I; = 0, f = 100KC 
Collector-Base Time Constant rho, 
CB= -6Vdc, I, = +3mAdc, f = 79.8MC 
Current Gain-Bandwidth Product 1000 
Vor = = -6Vdc, In = = -3mAdc, f = 100MC 


Power Gain 


Vor = ~6Vac, I 


¢ = ~3mAde, f = 200MC 


Noise Figure 


R, = 502, f = 200MC 


Power Gain (AGC) 


VocE = -5Vdc, Ia = -15mAdc, f = 200MC 
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Motorola High-Frequency Transistors 


Vero = 10V 
mm2550 Ic= 100 mA 


f; = 1000 Mc 
fo = 2.5 nsec 


PNP germanium epitaxial mesa transistor for high- 
speed, low-power, current-mode switching applica- 
tions. 


CASE 22 
(TO-18) 


MAXIMUM RATINGS 


Storage Temperature -65 to 
+100 


Device Dissipation 
@ To = 25°C 
Derating factor above 25°C 


Device Dissipation 
@T Yn 25°C 
Derating factor above 25°C 


Collector-Base Breakdown Voltage 
(I, = -100 pAdc, I = 0) 


Collector-Emitter Breakdown Voltage 
Qi, = -10mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
a, = -100 pAdc, Ig = 0) 


Collector Cutoff Current 
(Vopn = -10 Vde, I, = 0) 


DC Current Gain ™~ 


(I. = -10 mAdc, V = -5 Vdc) 
Cc 


CE 


Collector Saturation Voltage 
(I, = -10 mAdc, Ip = -1,0 mAdc) 


Base-Emitter Saturation Voltage 
fi, = -10 mAdc, I, = -1,0 mAdc) 


Motorola High-Frequency Transistors 


MM2550 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Current Gain-Bandwidth Product 


-5 mAdc, Vag = -10 Vdc, f = 100 mc) 


-10 mAdc, Vor = -§ Vdc, f = 100 mc) 


= -15 mAdc, Vor = -2 Vdc, f = 100 mc) 


ee Output are 
= -5 Vde, I RE 0, f£ = 100 kc) 


ee aa) Time Constant 
= +10 mAdc, V CB = -5 Vdc, f = 31.8 mc) 


Turn-on Time 


(I, = -10 mAdc, = -5V) 


VeK(on) 


Turn-off Time 
Qi, = -10 mAdc, 


VecK(on) =s8V) 


CURRENT MODE SWITCHING TIME CIRCUIT 


Voctrtv IG= ~-25mA 
8 Vor(ony VY 
ti t. < Insec 
R, = 509 
10nsec 
Ke 802 — 
i] = = —_ 
Mies es Baa 
5.2KQ; 
Vin | | O) 
SHIELD 1 
_ | 502 
l OS — 
® I~ SL = 
oS 502 ss 
I FD700 = 
— 502 r) -1.5V 
3-1502 


Rageceeestehey = 1K a zt - t 
Ce 


— 


- Cc 
View = 255V 3 
C, = 150 pf 
= 0.01 pf 
Cy = 0,1 HE 
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Motorola High-Frequency Transistors 


mm2552 Vexo = 10V 


f; = 1000 Mec 
tor = 2.5 nsec 


PNP germanium epitaxial mesa transistor for high- 
speed, low-power, current-mode switching applica- 
tions. 


CASE 31 
(TO-5) 


MAXIMUM RATINGS 


Collector-Emitter Voltage 
a 
[amas fm 
ee 


Device Dissipation 
@ To = 25°C 


Derating factor above 25 °C 


J 
T stg 


Device Dissipation 
@ To = 25°C 


Derating factor above 25°C 


Characteristic 
Collector- Base Breakdown Voltage BV 
(I = -100 pAdc, I, = 0) 


CBO 
BV CEO 
BVEBO 
ToBO 
DC Current Gain 
v 


Collector-Emitter Breakdown Voltage 
(I, = -10 mAdc, I, = 0) 


Emitter- Base Breakdown Voltage 
Cp = -100 pAdc, In = 0) 


Collector Cutoff Current 
(Von = -10 Vdc, I, = 0) 


Collector Saturation Voltage 
(I, = -25 mAdc, I, = -2.5 mAdc) CE(sat) 
Cc B 
Base-Emitter Saturation Voltage V 
(Iq = -25 mAde, I,, = -2.5 mAde) BE(sat) 
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Motorola High-Frequency Transistors 


MM2552 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 
Current-Gain, Bandwidth Product 
(I, = -30 mAdc, Vor = -2 Vdc, f = 100 mc) 
= -25-mAdc, V -5 Vde, f = 100 mc) 
(In = -20 mAdc, V -10 Vdc, f = 100 mc) 


CE~ 
CE ~ 


Collector Output Capacitance Cy 
(Vag = -5 Vde, I, = 0, f= 100 ke) 


b 
Collector- Base Time Constant Tho 
(I, = +25 mA, Vop = -5V, f = 31.8 mc) 

Turn-on Time 


(I, = -25 mAde, -5 Vdc) 


V cE(on) = 


Turn-off Time 
(I, = -25 mAdc, V 


CE(on) = 72 VC) 


CURRENT MODE SWITCHING TIME CIRCUIT 


\ - -5V 
VocrrtV O CE(on) 


= 502 
R, 50 


10nsec oe 
me a a 


5.2ka! : 
Vin | | (0) 
SHIELD ( 
= | 50Q 
@ = wee - 
(O} we fd 
y FD700 = 
— / 502 fr) -1.5V 
3-1502 
Resistors — 
In Parallel IK 2 L + +. 
Cy Co C3 


Dee 


Vamp =25.5V ~Cy~ CQ Cy 


C.F 150 pf 
Cy = 0.01 uf 
Cy = 0.1 uf 
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Moforola High-Frequency Transistors 


Vceto = 10 V 
mm2554 fesse 

f; = 1000 Mc 

Tors = 2.5 nsec 


PNP germanium epitaxial mesa transistor for high- 
speed, low-power, current-mode switching applica- 


CASE 31 tions. 
(TO-5) 


MAXIMUM RATINGS 


Collector-Base Voltage 


Lee = oe 
ee 
er 


Device Dissipation 
@ To = 25°C 
Derating factor above 25°C 
| Characteristic Minium 
Collector-Base Breakdown Voltage BVaRo . Vdc 
(I, = -100 wAdc, I, = 0) 
Cc E 
Collector-Emitter Breakdown Voltage BVoKo 
(1, = -10mAdc, I, = 0) 
Emitter-Base Breakdown Voltage BVEBO 
(I, = -100 pAdc, 1, = 0) 
E C 
Collector Cutoff Current lapo 
(Vop = -10Vdc, In = 0) 
DC Current Gain 
(I, =.-40mAde, Vor = 75 Vdc) 
Collector Saturation Voltage V 
(I, = -40mAdc, I, = -4mAdc) CE(sat) 
Cc B 
Base-Emitter Saturation Voltage V Vdc 
(Ig = admbde, Ip ar ammnge) ae Gad Gk 
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Device Dissipation 
@T a 25°C 


Derating factor above 25°C 


Motorola High-Frequency Transistors 
MM2554 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


se 
f 


Current-Gain,. Bandwidth Product 


(Iq = -35mAdc, Vor = -10Vdc, f = 100MC) 
(Ia = -40mAdc, Vor = -5Vdc, f = 100MC) 
(Il, = -45mAdc, VQ, = -2Vdc, f = 100MC) 


‘Collector Output Capacitance 


Cob pf 
(Voz = -5Vdc, In = 0, f = 100KC) 
Collector-Base Time Constant rH co, | Min | Typ | Max | 
a, = +40mAdc, Vop = -5Vdc, f = 31. 8MC) TT 50 | 
Turn-on Time 
(I, = -40mAdc, VeK(on) = -5Vdc) 


Turn-off Time 


(I, = -40 mAdc, = -5Vdc) 


VoE (on) 


CURRENT MODE SWITCHING TIME CIRCUIT 


Vace-tV T= -25mA 
ti t < Insec 
R, = 502 
10nsec 
ne a 802 SoC e, 
5.2Kal 
©) 
SHIELD \ 
* 502 
| wee t 
—~ 5 = 
502 ~~.L] 
I FD700 = 
a= { } -1.5V 
3-1502 
Resistors > 
In Parallel cas Ee eee 
C, Co C, 
: rit 
-C an 2 
Vier = 25.5V 1 Cy 
C, = 150 pf 
Cy = 0.1 vf 
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Motorola High-Frequency Transistors 


Vero = 12 V 
mmM2094 te aaa 


torr = 60 nsec 
PNP silicon annular transistors for low-level, high- 
Speed switching applications. 


MAXIMUM RATINGS 


Voso 
Collecto:-Emitter Voltage VcEO 
Emitter-Base Voltage 


Total Device Dissipation 
@ 25°C Ambient Temperature 0.36 Watt 
Derate above 25°C : mw/* 


CASE 22 
(TO-18) 


Total Device Dissipation 
@ 25°C Case Temperature 
Derate above 25°C 


SWITCHING TIME TEST CIRCUIT 


Vib -2V 
1002 62 2 
0.1 2KQ a V 
V out : 
in To Sampling 
Pulse Source 1002 Scope 
Rise Time< lns Pf Rise Time <lns 
P.W.> 200ns * = Input Z=100K 
Z. = 502 . 
in 
LW Vib = +3V Vin = -/V 
T. ff Vib = -4V Vin = +6V 
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Motorola High-Frequency Transistors 


MM2894 (continued) 


ELECTRICAL CHARACTERISTICS. (at 25°C case temperature unless otherwise noted) 


I pA 


Collector Cutoff Current 
= -6V, I, = 0 


p= 6V, 1, =0, Ty 


= 125°C 


Collector-Base Breakdown Voltage 


I, = 10uA, I, = 0 


Collector -Emitter Sustaining Voltage* 
Io = 10mA, Ip =0 


Emitter-Base Breakdown Voltage 
I, = 100uA, I 


Collector-Emitter Saturation Voltage 
1c = 10mA, Ip = 1.0mA 
Ia = 30mA, I, = 3.0mA 


I, = 100mA, I,, = 10mA 


Base-Emitter Saturation Voltage 
= 10mA, I, =1.0mA 
= 30mA, I, = 3.0mA 
= 100mA, Ip = 10mA 


V BK(sat) 
Io 
Io 
Cc 
DC Pulse Current Gain* 


mc = lmA Vor = 0.3v 
= 0. 3v 


= 10mA V 


CE 
= 30mA, V,, = 0. Sv 


CE 
= 30mA, V,,,, = 0. 5v (-55° C) 
= 1.0V 


Io 
Io 
Io = CE 


I, = 100mA, Veg 


Cc 


High Frequency Current Gain (f = 100mc) 
VCE = 100 IC = 30mA 


Output Capacitance Cc ab 
Vos = -5.0V, In = 0, f = 140KC 


Emitter Transition Capacitance 


= -0.5V, 1,=0, f= 140KC 


Ves Cc 
Turn On Time 
In = 30mA, el = 1.5mA 


Turn Off Time 


I. = 30mA, I 


Cc » 1g, =1 


B2 = i ome 


* Pulse Conditions; length = 300 usec 
duty cycle < 2% 
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MM2894 (continued) 


CAPACITANCE (pf) 


TIME (nsec) 


BETA 


<—} TYPICAL SWITCHING TIMES or 


Sailr 
SESE, 


= 25°C 
#101 


= 10I 


Bl B2 


ty AAD 


SS SS SO 


<a ~~ 


evical comer cam |, 2sec] | ||| 
ot tit Pe 
antl wat ic heels Re 


0.5 1 2 5 10 20 
(mA 


Io 


COEFFICIENTS (mV/°C) 


Motorola High-Frequency Transistors 


CHARGE (pf) 


Vog (VOLTS) 


SATURATION VOLTAGE (VOLTS) 


csv 


= 25°C Bal 


TYPICAL COLLECTO 

SH geo 
to ty wast 
| 
A ee ll 
LLL NUTT ET 

ATA TTTINT | NUTT 

Re HH 


Ip = 100 all 
= 50 mA 


100 


TYPICAL SATURATION VOLTAGE ee a 


Onl 

“ELE | Tt tiittty | | tte 

et — 
ease be 


I,- COLLECTOR CURRENT (mA) 
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Moforola High-Frequency Transistors 


mps/06 eel as 


t, = 60 nsec 


NPN silicon annular, plastic encapsulated transistor 
designed for low-cost, high-speed switching applica- 
tions. For typical curves, see 2N706 data sheet. 


CASE 29 


MAXIMUM RATINGS 


Characteristic 


Collector- Base Voltage 
Collector-Emitter Voltage 


Emitter- Base Voltage 
Junction Temperature 


Storage Temperature 


Total Device Dissipation 
@ 25°C Case Temperature 


(Derate 5 mW/°C above 25°C) 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 3 mW/°C above 25°C) 
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Motorola High-Frequency Transistors 


MPS706 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vorp= 15 V, Ip = 0 
* 


Emitter Cutoff Current 
VER =3V, In =0 


Collector-Emitter Breakdown Voltage* 
In= 10 mA, I,= 0 


Collector-Emitter Breakdown Voltage* 
In = 10 mA, R= 102 


Forward-Current Transfer Ratio* 
In= 10 mA, Vor = lV 


a * 
“igs Oma, I= mA = 


Collector Saturation Voltage* 


I, = 10 mA, I= 1mA 


Collector Capacitance 
Vop= 10 V, I, = 0 


Small-Signal Forward Current Transfer 
Ratio 
Vor = 15 Vdc, I, = 10 mAdc, f = 100mc 


Base Resistance . ohms 
Vor = 15 Vdc, I, = 10 mAdc, f = 100mc 
Charge Storage Time Constant cigs 
(See Figure 2) 
ee 
es 


* Pulse Test: PW <12 nsec, Duty Cycle < 2% 
**Switching Times Measured with Tektronix Type R 
Plug-In (50 Internal Impedance) and Circuits Shown 


SWITCHING TIME TEST CIRCUIT STORAGE TIME TEST CIRCUIT 


Type R Sampling Resistor ~ p= 
Vee = 3Vdc 200 


djust for 10mA 
eluet Pulse Volts 9802 
internal Resistance 


Type R Sampling Resistor a 
202 


Pulse Volts 2702 
Internal Resistance 


(adjust for 10mA) 


Vv 2009 
By 45V 
ov -|- —|- ov- -/--|- 
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MPSOO4 


Motorola High-Frequency Transistors 


Vero =30V 
for = 30 nsec 


NPN silicon annular, plastic encapsulated transistor 
for low-cost, high-speed switching applications. For 
typical curves, see 2N834 data sheet. 


CASE 29 


MAXIMUM RATINGS 


Total Device Dissipation 
@ 25°C Case Temperature 


(Derate 5.0 mW/°C above 25°C) 


Total Device Dissipation 
@ 25°C Ambient Temperature 


(Derate 3.0 mW/°C above 25°C) 


TURN-ON AND TURN-OFF CHARGE STORAGE TIME 
TIME MEASUREMENT CIRCUIT CONSTANT MEASUREMENT CIRCUIT 


tees Ven = +16 VEC 8 VV, = —19 Vie 
ov 


NOTE: ALL SWITCHING TIMES MEASURED WITH LUMATRON MODEL 420 SWITCHING TIME TEST SET OR EQUIVALENT. 
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Motorola High-Frequency Transistors 


MPS834 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C case temperature unless otherwise noted) 


Characteristic 
Satan Base Breakdown Voltage BVopo 
= 0, In = 10 pAdc 


Emitter-Base Breakdown Voltage 


Iq = 0, I, = 10 Ade 


Collector Cutoff Current 
VBE = 0, Vor = 30 Vdc 


Collector Cutoff Current 
I = Q, Vop = 20 Vdc 


Forward Current Transfer Ratio* 
In = 10 mAdc, Vor = 1 Vdc 
Collector Saturation Voltage* * 
OTST es Ycx(cat) os 
Cc > "B 
Collector Saturation Voltage* V * a 
tsOmA; 1: 26 ak CE(cat) ee 
Cc > “B 
Base-Emitter Saturation Voltage* 
Iq = 10 mAdc, Ip ps Oe bea wf pee | 


Collector Capacitance 
= 10 Vdc, f = 100 kc 


I; = % Vop 


Small«Signal Forward Current Transfer 
Ratio 
In = 10 mAdc, V 


= 20 Vdc, f = 100mc 


CE 


Current Gain Bandwidth Product 
co 10 mAdc, Vor = 20 Vdc, f = 100mc 


Charge Storage Time Constant 


= 10mA 


Ia = 10 mA, Tp1 = Ino 
Turn-on Time 


Turn-off Time 
In = 10 mA, T51 = 3 mA, Ino =1mA 


* Pulse Test: PW £12 nsec, Duty Cycle < 2% 
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Motorola High-Frequency Transistors 


mps918 G.= 14-15 ob @ 200 Me 
miracles P, = 30 mW @ 500 Mc 
NPN silicon annular, plastic encapsulated transistors 
for low-cost, amplifier and oscillator applications at 
VHF and UHF. 
CASE 29 


MAXIMUM RATINGS 


Characteristic 
Collector-Base Voltage 


VoBo 
Collector-Emitter Voltage Vocro | Vote 


Emitter-Base Voltage 


Total Dissipation 
@ 25°C Case Temperature 
@ 25°C Ambient Temperature 


Operating Junction Temperature 
Storage Temperature 


200 MC POWER GAIN TEST CIRCUIT 


rf) INPUT IMPEDANCE — 509 


1000 pf 
L, VITRAMON 


10000 1000 RFC 


| 
= 
O 

O 

® 


O +Vee 


sid |i a as Ale Olpf 
— 1.5-7.5pf 


001 yf 

Li — 3.5 TURNS NO. 16 TINNED COPPER WIRE; 5/16” DIA; 7/16” LONG 
TURNS RATIO -.. 4 TO 2 

Ls — 8 TURNS NO. 16 TINNED COPPER WIRE; 4” DIA; 3” LONG OUTPUT IMPEDANCE = 500 
TURNS RATIO -. 8 TO 1 

Ls — MILLER #4303 (0.4 — 0.65,h) = 
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Motorola High-Frequency Transistors 


MPS918, MPS3563 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vos = 15V, I =0 


Collector-Base Breakdown Voltage 
In =1.0pA, I. =0 
I, = 100 pA, I, =0 


Emitter-Base Breakdown Voltage 
I, = 10 yA, Io = 0 


Collector -Emitter Voltage 


I, = 3.0 mA, I, 20 


DC Current Gain 
Vor =1V, I,=3mA 


Cc 
Van = 10V, I, = 8mA 


CE an © 


Collector-Emitter Saturation Voltage 
I, = = 10mA, Ip =1mA 


Base-Emitter Saturation Voltage 


In = 10mA, I, =1lmA 


Small Signal Current Gain 
'c = 4mA, VcE = 10V, f = 100mc 
= 8mA, V = 10V, f = 100mc 
= 8mA, V,, = 10V, f =1kc 


CE 
CE 
Output Capacitance 
Vop = 10V. In =0, f = 140kc 
Vos = 10V, I. =0, f=1mc 
Vos = OV, In =0, f = 140kc 


Input Capacitance 


Vip = 0-5V, Ip = 


Amplifier Power Gain 
In = 6mA, f = 200mc, Vop =12V 
= 8mA, Vor = 10V, f = 200mc 


+ Gre < -20db 


Power Output 


In = 8mA, Vag = 15V, f = 500mc 


CB 


Collector Efficiency 
In = 8mA, Vop= 15V, f = 500mc 


Noise Figure 
I, = lmA, Vor = 6V, f = 60mc, 
Rg = 400 


*PpW < 300psec. DC <1% 


MPS918 
MPS3563 


MPS918 
MPS3563 


MPS918 
MPS3563 


MPS918 
MPS3563 


MPS918 


MPS918 


MPS918 
MPS3563 
MPS3563 


MPS918 
MPS3563 
MPS918 


MPS918 


MPS918 
MPS3563 


MPS918 
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Motorola High-Frequency Transistors 


mps2694 Vero = 12V 


hee = 40 
tors = 90 nsec 


PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica- 
tions. 


CASE 29 
MAXIMUM RATINGS 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derate above 25°C 


‘Total Device Dissipation Watt 
@ 25°C Case Temperature 
Derate above 25°C mw/C 


Operating Junction Temperature 


-2 V 
Yop 
62 
100 
0.1 Vout 
Vv To Sampling Scope 
in < 
100 2K Rise Time 1 ns 
PW = 300 ns Zin = 100 K 
=“=t.< 1ons 
Zi = 500 Ty Veb +3, V mse] V 
Tore? Vo 4 V Vy, =z+6V 


Motorola High-Frequency Transistors 


MPS2894 (continued) 


ELECTRICAL CHARACTERISTICS aat 25°C case temperature unless otherwise noted) 


Collector Cutoff Current = pA 


Daa ae 


Vos 


Collector-Base Breakdown Voltage 
In = 10 pA, I= 0 
Collector-Emitter Sustaining Voltage* 


I, = 10 mA, I, = = 0 


Emitter-Base Breakdown Voltage 
I, = 100 pA, In =0 


Collector-Emitter Saturation Voltage 
I, = 10 mA, I, = 1.0 mA 
In = 30 mA, I, =3,.0 mA 


I, = 100 mA, I, = 10 mA 


nsec 


Base-Emitter Saturation Voltage 
IL, =10 mA, I, =1.0mA 
Cc » "B 

1, = 30 mA, I, =3.0 mA 


Cc >“B 
I, = 100 mA, I, = 10 mA 


DC Pulse Current Gain* 
In =1 mA, Vor =0.3 V 

In = 10 mA, Vor =0.3V 

In = 30 mA, Vor 79-5 V 

= 30 mA, Vor = 0.5 V (-55°C) 


= 100 mA, Voy =1.0V 


High Frequency Current Gain (f = 100 mc) 


Vor =10V, 1, = 30 mA 


Output Capacitance 
Vop =: 0 V, I= 20, f = 140 ke 


= 6 V, I, = 0, Ty = 125°C 
VBE(sat) 
Emitter Transition aarecr yy 
Veep = -0.5 V, In? , f = 140 ke 


Turn-On Time 
In = 30 mA, ae =1,.5 mA 


Turn-Off Time 
I, = 30 mA, Th1 = Jee = 1- 59 mA 


* Pulse Conditions: Length = 300 psec 
Duty Cycle < 2% 


8-266 


Motorola High-Frequency Transistors 


Veto = = 25 V 
MPS2923 thru MPS2929 eerie 
P, = 200 mW 
\ NPN silicon annular, plastic encapsulated transistors 
for low-cost, medium-speed, general-purpose ampli- 
-fier and oscillator applications. 
CASE 29 


MAXIMUM RATINGS 


> 
of 
= 


Total Device Dissipation 
@ 25°C Ambient Temperature 
Derating Factor above 25°C 


Total Device Dissipation 
@ 55°C Ambient Temperature 
Derating Factor above 25°C 


Collector Cutoff Current 
Vop = 25 V, I =0 


Vv 


= 25 V, I, =0, T, = 100°C 


CB 


Emitter Cutoff Current 
Ves 25V 


Small Signal Current Gain (f = 1 kc) 


Vv 


op = 10V, i 


¢ =2mA 


MPS2923 
MPS2924 
MPS2925 


Collector Capacitance 
Vop = 10V, I, =9, f=l1me 
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Motorola High-Frequency Transistors 


mPS3563 


For Specifications, See MPS918 Data Sheet 


mMPS3039 Veto = 6V 


le = 80 mA 
ts = 20 nsec 


PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica- 
tions. 


CASE 29 


MAXIMUM RATINGS 


Collector- Base Voltage 
eens es ee 


Total Device Dissipation Watts 
@ 25° Ambient Temperature 


Derate above 25°C 


Total Device Dissipation 
@ 25°C Case Temperature 


Derate above 25°C 


SWITCHING TIME TEST CIRCUIT 


rn oY VS 8 


yall time € 1 sec 


NOTES: (1) Collector Carrent = 50 mA; (2) Turn-Oo and Turn-Off Bese Currents © 5 mA WOIRS: (1) Collector Curreat © 10 mA; (2) Turc-Oa and Toru-Cff Base Currents © 0.5 at 
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Moforola High-Frequency Transistors 


MPS36339 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vor = 3V, Vep= 0 


Vor 3¥, Veg= 0; Ty = 468°C 


A 


Base Current 


Vor=3V, Vep= 0 


EB 


Collector-Emitter Breakdown Voltage 


I, = 100 HA, Vi, = 0 


Collector- Base Breakdown Voltage 
IQ = 100 yA, In = 0 


Emitter- Base Breakdown Voltage 
I, = 100 nA, Io = 0 


Collector-Emitter Sustaining Voltage 


I, = 0, Iq = 10 mA, P.W. = 300 usec 


D.C. = 1% 


CEO(sus) 


Collector-Emitter Saturation Voltage VcK(sat) 
Ip =lmA 


=5 mA, P.W. = 300 usec 


=lmA 


Base-Emitter Saturation Voltage 
Ia = 10 mA, I, = 0.5 mA 


B 
Io = 10 mA, =1mA 
In = 50 mA, = 5 mA, P,W. = 300 usec, 
D.C. = 1% 
Forward Current Transfer Ratio 
Vor =0.3V, I, = 10mA, P.W. = 300 usec, 


D.C. = 1% 
Voge hOv,1 


D.C. = 1% 


c= 50 mA, P.W. = 300 usec, 
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Motorola High-Frequency Transistors 


MPS3639 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


a 


Small-Signal Current Transfer Ratio 
Vor= 5 V, In= 10 mA, f = 100 me 


Vop= 9 Ig = 10 mA, f= 100 me 


Output Capacitance Cc ob pf 
I, = 0, Vop= ONnAS 140 ke 

Input Capacitance Ciy 
Vep= 0.5 V, I, = 0, f = 140 kc 


Delay Time 
Vec =6V,I 


Vos= 19V 


c= 50 mA, I,,=5mA 


Rise Time 
Voc =6V, I 


Vorn= 19V 


c= 50 mA, I 


Storage Time 


Voc= 6 V, Ig = 50 mA, I 


Cc 


Fall Time 
Voc = 6 V, Ig = 50 mA, 


Turn-On Time 
In = 50 mA, I 


In= 10 mA, I 


=5 mA, Vog=1.9V 


=0.5 mA 


Bl 
Bl 


Turn-Off Time 
c= 50 mA, V 


=1.9V,1,,=Ig,=5mA 


OB Bl “B2 
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Motorola High-Frequency Transistors 


mps3040 hess ae 
t; = 20 nsec 


PNP silicon annular, plastic encapsulated transistor 
for low-cost, low-level, high-speed switching applica- 
tions. 


CASE 29 


MAXIMUM RATINGS 


D.C. Collector Current 
Collector- Base Voltage 


Collector- Emitter Voltage 
Emitter- Base Voltage Vv Vdc 


Total Device Dissipation 
@ 25°C Ambient Temperature 


Derate above 25°C 


Total Device Dissipation 
@ 25° Case Temperature 


Derate above 25°C 


ELECTRICAL CHARACTERISTICS (at 25°C case temperature unless otherwise noted) 


Characteristic 


Collector Cutoff Current 
Vor =6V, VE =0 


B 
Vog=8V, Vy =0, Ty = 465°C 


Base Current 
Vor = 6 V, Vep =9 


Collector-Emitter Breakdown Voltage 


Io = 100 pA, Vor =0 


Collector-Base Breakdown Voltage 


I, = 100 pA, I, =0 


Emitter-Base Breakdown Voltage 


_ I, = 100 uA, 1, =0 


Collector-Emitter Sustaining Voltage 


Th =9, Io 


C. = 1% 


= 10 mA, P.W. = 300 psec, 


Motorola High-Frequency Transistors 


MPS3640 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Collector-Emitter Saturation Voltage VeK(sat) 


I, = 10 mA, I,=1mA 


I, = 50 mA, I, =5mA, P.W. = 300 usec, 


D.C. =1% 


=10 mA, I, = 1mA, T 


Ge +65°C 


Cc 


Base-Emitter Saturation Voltage V 
= 10 mA, I, =0.5mA BE(sat) 


= 10 mA, I,=1 mA 
=5mA, P.W. = 300 usec, 


= 50 mA, I 


Io B 


D.C. = 1% 


Forward Current Transfer Ratio 
Vor =0.3 V, In =10 mA, P.W. = 300 usec, 
D.C. =1% 
Vor =1.0V, I, = 50 mA, P.W. = 300 psec, 
D.C. = 1% 
Small-Signal Current Transfer Ratio 
V E=oY, I. = 10 mA, f = 100 mc 


Cc Cc 
Vop = 0, In = 10 mA, f = 100 mc 


Output Capacitiance 
I, = 0, Vop=5V, f = 140 kc 


Input Capacitance 


Veep = 95 V, Ip =0, f = 140 ke 


Delay Time 
Voc =6 V, Io = 50 mA, el = 5 mA, 
Vos =1.9V 

Rise Time 
Van =6V, 1 


cc Cc 
Vos =1.9V 


= 50 mA, I, =5 mA, 


Storage Time 
Veco 78 V;, I, = 50 mA, In, 7 pg = 5 DA 


Fall Time 
Voc =8V; I, = 50 mA, 31 = tp 75 mA 


Turn-On Time 


I, =10 mA, I,, =0.5 mA 


Turn-Off Time 
I, = 50 mA, Vop = 1.9V, Tn = Tp = 5 mA 


I, = 10 mA, In) = Ipe = 9-5 mA 
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Motorola Special and Multiple Transistors 


MOTOROLA 
SPECIAL AND MULTIPLE TRANSISTORS 


DEVICES IN THIS SECTION 


2N2060 2N3800 
2N2060A 2N3801 
2N2223 2N3802 
2N2223A 2N3803 
2N2480 2N3804 


2N2480A 2N3805 
2N3409 2N3806 
2N3410 2N3807 
2N3411 2N3808 
2N3480 2N3809 


2N3481 . 2N3810 
2N3483 2N3811 
2N3484 
2N3796 
2N3747 


e For case outline dimensions, see page 1-26. 


9-2 


Motorola Special and Multiple Transistors . 


SPECIAL AND MULTIPLE TRANSISTORS 


Included in this listing of special devices are unijunction and field effect 
transistors as wellas multiple devices consisting of two transistors in a single 
package. The multiple transistor section includes NPN-PNP complementary 
pairs and duals for differential amplifier, switching and low-level amplifier 
applications. 


UNIJUNCTION TRANSISTORS 


Unijunction transistors are three-terminal switching devices suitable for 
triggering, oscillator, pulse generation and bistable-circuit applications. 


FIELD EFFECT TRANSISTORS 


The Motorola line of field effect transistors includes both tetrode silicon 
junction and insulated gate devices. 


2N3796 2N3797 MM2080 MM2091 MM2092 


MULTIPLE TRANSISTORS 


In the Motorola multiple transistor line are matched transistors designed 
for differential amplifier, complementary logic, switching and amplifier appli- 
cations. The transistor pairs for differential amplifiers are closely matched 
over a wide range of conditions. In addition, the use of multiple transistors 
may result in appreciable space-saving since many pairs are packaged in 
standard transistor case sizes. 


Complementary Duals for Duals for 


2N2060 2N3806 MD985 
2N2060A 2N3807 MD986 
2N2223 2N3808 

2N2223A 2N3809 

2N2480 2N3810 

2N2480A 2N3811 

2N3409 MD1120 

2N3410 MD1121 

2N3411 MD1122 

2N3800 MD1123 

2N3801 MD1124 

2N3802 MD1125 

2N3803 MD1129 

2N3804 MD1130 

2N3805 MD1132 
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Motorola Special and Multiple Transistors 


2n2060,A Vero = 40-60 V 
2n2223, A pipiens 
2n2480, A 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
BOTTOM VIEW 


MAXIMUM RATINGS (each side) 


Collector- Base Voltage 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480 
2N2480A 


Collector-Emitter Voltage 
2N2060. 2N2060A. 2N2223. 2N2223A 
2N2480. 2N2480A 


Collector-Emitter Voltage (Rog $ 102) 
2N2060, 2N2060A. 2N2223. 2N2223A 


Emitter-Base Voltage 
2N2060, 2N2060A, 2N2223. 2N2223A 
2N2480, 2N2480A 


DC Collector Current 


Operating Junction Temperature 
Storage Temperature Range 


Total Device Dissipation @ Te =25C 
Derate above 25 C 


Total Device Dissipation @ T A 25 C 
Derate above 25 C 


Motorola Special and Multiple Transistors 


2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


‘(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
lo = 100 pAdc, Ip = 0) 2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480 
2N2480A 


Collector-Emitter Breakdown Voltage* 

(1. = 20 mAdc, I, = 0) : 2N2480, 2N2480A 

ic = 30 mAdc, Ip = 0) 2N2060, 2N2060A, 2N2223, 
2N2223A 


Collector-Emitter Breakdown Voltage* 
(I, = 100 mA, Ror $ 109) 2N2060, 2N2060A, 2N2223, 
2N2223A 


Emitter-Base Breakdown Voltage 

(il, = 100 pAdc, Io = Q) 2N2060, 2N2060A, 2N2223, 
2N2223A 

2N2480, 2N2480A 


Collector Cutoff Current 


(Vop = 60 Vde, I, = 0) 2N2480 

2N2480A 
(Vop = 30 Vdc, 1, = 0, T, = 150°C) 2N2480, 2N2480A 
(VERB = 80 Vde, Ip = 0) 2N2060, 2N2060A 


2N2223, 2N2223A 
= 80 Vdc, Ib = 0, Ta = 150°C) 2N2060, 2N2060A 
2N2223, 2N2223A 


Vop 


Emitter Cutoff Current 
(Ve5 = § Vdc, Io = 0) 2N2060, 2N2060A 
2N2223, 2N2223A 

2N2480 
2N2480A 


DC Current Gain 
I, = 10 pAdc, Vor = 5 Vdc) 2N2060, 2N2060A 
2N2223, 2N2223A 
fl, = 100 pAdc, Vor = § Vdc) 2N2060, 2N2060A 
2N2223, 2N2223A 
2N2480 
2N2480A 
= § Vdc) 2N2060, 2N2060A 
2N2480 
2N2480A 
= § Vdc)* 2N2060, 2N2060A 
2N2223, 2N2223A 


| 
Q 
! 


= 1 mAdc, Vor 


MI, = 10 mAdc, Vor 


DC Current Gain Ratio** 

LF = 100 pAdc, Voce = § Vdc) 2N2060, 2N2060A, 2N2223A 
2N2223, 2N2480, 2N2480A 
= § Vdc) 2N2060, 2N2060A 


(I, = 1 mAdc, 
2N2480, 2N2480A 


Vor 


Vv 


Base Voltage Differential BEI” 


(I, = 100 pAdc, Vag = 5 Vdc) 2N2060A 
2N2060, 2N2223A, 2N2480A 
2N2480 
2N2223 
(i, = 1 mAde, Vog = 5 Vde) 2N2060, 2N2060A, 2N2480A 


2N2480 


Motorola Special and Multiple Transistors 
2N2060, A, 2N2223, A, 2N2480, A (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Collector-Emitter Saturation Voltage 
(I, = 50 mAdc, I, = § mAdc) 


2N2060A 

2N2060, 2N2223, 2N2223A, 
2N2480A 

2N2480 


a ee] 
a aie 


Base-Emitter Saturation Voltage 

(Il, = §0 mAdc, I, = 5 mAdc) 2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 

2N2480 


Small-Signal Forward Current Transfer Ratio 

fl, = 50 mAdc, Vere = 10 Vde, f = 20 me) 2N2223, 2N2223A, 2N2480, 
2N2480A 

2N2060, 2N2060A 


Collector Output Capacitance 
(Von = 10 Vde, f = 1 me) 2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480A 
2N2480 


‘Collector Input Capacitance 
(V5 = 0.5 Vdc, F = 1 me) 2N2060, 2N2060A, 2N2223, 
2N2223A, 2N2480A 


Small-Signal Current Gain 
(le = 1 mAde, Vor = § Vde. f = 1 ke) 2N2060, 2N2060A 
2N2223, 2N2223A 

2N2480A 


Input Impedance 
Mi, = 1 mAdc, Vor = § Vdc, f = 1 ke) 2N2060, 2N2060A, 2N2223, 
2N2223A 
2N2480A 
= § Vde, f = 1 kc) 2N2060, 2N2060A 


2N2480A 


M1, = 1 mAdc, Vor 


Output Admittance 
M1, = 1 mAdc, V 


Vde, f= 1 ke) 2N2223, 2N2223A 
d 2N2060, 2N2060A, 2N2480A 


Voltage Feedback Ratio, Common Base 


ll, = 1 mAdc, Vor = § Vde, f = 1 kc) 2N2223, 2N2223A 


‘Noise Figure 
(I, = 0.3 mAdc, V 
03 = 0.3 mAdc, ¥ 


_ CE 
(lc = 0.3 mAdc, Vcore 


= 10 Vdc, f = 1 ke, Ro = §109, BW = 1 cps) 2N2480, 2N2480A 
= 10 Vde,f = 1 kc, R, = 5102, BW = 200 cps) 2N2060, 2N2060A 
s R 1 


10 Vdc, f = 1 ke, : =1kQ, BW = 15.7 kct) 2N2060. 2N2060A 


Base Voltage Differential Change 


(Ig = 100 wAdc, Vo, = 5 Vde, T, = -55 to +25°C) 2N2060A 0.4 
. 2N2060 0.8 

2N2223, 2N2223A 2.0 

2N2480, 2N2480A 1,2 

(I, = 100 pAde, Vog = 5 Vde, T, = 25 to 125°C) 2N2060 1.0 
2N2060A 0.5 

2N2223, 2N2223A 2.5 

2N2480, 2N2480A 1.5 


* Pulse Test: Pulse Width $ 300 psec, Duty Cycle $ 2% ** The lowest hp, reading is taken as hyp, for this ratio 
t Amplifier: 3 db points at 25 cps and 10 kc with a roll-off of 6 db per octave 
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Motorola Special and Multiple Transistors 


2N3409 thru 2NS411 


Vero =30V 
lc = 500 mA 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 
mity. 


CASE 32 
(TO-5) 


PIN CONNECTIONS © 
BOTTOM VIEW 


ee 


ABSOLUTE MAXI MUM RATINGS 


Characteristic Fst 


Tenicaarsuvevataee | veo [| ME 
Pemiwertewvotor | Yeso [| 
D.C. Collector Current Io oo 
(Limited by Pp) 
Paactontomereire | me 
°C 


Ty 
Storage Temperature -65 to +200 oe 


500 600 mW, 
2.9 3.4 mw/~C 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Total Device Dissipation 
(25°C Ambient Temperature) 
Derate above 25°C 


Characteristic 


Collector-Base Breakdown Voltage 
(Ic = 10 pAdc) 


Collector-Emitter Breakdown Voltage * 
(Iq = 10 mAdc) 


Emitter-Base Breakdown Voltage 
(Ip*= 10 u Adc) 


Motorola Special and Multiple Transistors 
2N3409-2N3411 (continued) 


ELECTRICAL CHARACTERISTICS (each side) (continued) 


Collector Cutoff Current IcRo ~ IwAde 
(Vop = 50 Vdc, Ta = 150°C) 10 

Emitter Cutoff Current 

Collector to Collector Current Icco nAdc 
(Voc = 100 Vdc) 

Collector-Emitter Saturation Voltage Vo E(sat) Vdc 
(Ic = 10 mAdc, Ip = 1 mAdc) 

Base-Emitter Saturation Voltage VBE(sat) Vde 
(Io = 10 mAdc, Ig = 1 mAdc) 


DC Forward Current Transfer Ratio 
(Ig = 10 wAdc, Vopr = 10 Vdc) 2N3410, 2N341) 20] 100 
(Ic = 100 uAdc, Vopr = 10 Vdc) All Types 30) 120 
(Io = 1 mAdc, V. E = 10 Vde) All Types 40] 160 
(Ic = 10 mAdc, Ve = 10 Vdc) All Types 50} 200 


DC Current Gain Ratio ** 
(Ig = 100 wAde, Voz = 10 Vdc) 2N3409 
2N3410, 2N3411 


2N3411 


(Ic = 1 mAdc, Vcr = 10 Vdc) 


h /h em 
FEI “FE2 0.8 
0.9 
0.9 


Base Voltage Differential 
(Ic = 100 Adc, Vor = 10 Vdc) 2N3409, 2N3410 
2N3411 


2N3411 


(Ig = 1 mAde, Vog = 10 Vdc) 


Base Voltage Differential Change 
(Ig = 100 pAdc, Vor = 10 Vdc, Ty = 2N3409 
-55 to +25°C) 2N3410, 2N3411 


_ EE 
4(Ver1-VBE2) 

(Ic = 100 pAde, Veg = 10 Vde, Ta = 2N3409 

25 to 125°C) 2N3410, 2N3411 

Cob 


Collector Output Capacitance 
(Vop = 10 Vde, f = 1 mc) 

Collector Input Capacitance Ci» 
(Ven = 0.5 Vdc, f = 1 mc) 

Small-Signal Forward Current Transfer Ratio hee 
(Ic = 20 mAdc, Vog = 20 Vdc, f = 100 mc) 


Noise Figure 
(Ip = 100 pA, Vogp = 5 V,f = 1kc, BW= leps,R 


= 1KQ) 


g 
*Pulse Test: Pulse Width = 300 usec, Duty Cycle = 2% 


**The lowest her reading is taken as her 1 for this ratio 
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Motorola Special and Multiple Transistors 


2N3480,2n348 1,2n3483 2n3484 aa RG 


Silicon annular unijunction transistors for SCR trig- 
gering, oscillators, timing circuits, pulse generators, 
bistable circuits and sensing circuits. 


CASE 34 
(TO-5) 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


RMS Power Dissipation* 

RMS Emitter Current 

Peak Emitter Current 

Emitter Reverse Voltage 

Interbase Voltage 

Operating Junction Temp. Range -65 to 125 


Storage Temperature Range -65 to 150 


*Derate 4 mW/‘C ambient temperature increase 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


reer | : 
Uf] 


Repo 
VE sat) 


132(MOD) 


Motorola Special and Multiple Transistors 
2N3480, 2N3481, 2N3483, 2N3484 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


: 
n 


VE(SAT) 
I 52(MOD) 


Ibo 


Definitions and Conditions 
e 
n (Eta) Intrinsic Standoff Ratio (Von = 10V, fe = NVe_tV; (E-B,}) 
Reno Interbase Resistance (VeB = 3V, Ip = 0) 
Ve(SAT)’ Emitter Saturation Voltage (Ven = 10V, In = 50ma) 
1 32(MOD) Modulated Interbase Current (Ve.R = 10V, I = 50ma) 
leo Emitter Reverse Current (Voor = 30V, 151 = 0) 
I, Peak Point Emitter Current (Ven = 25V) 
I, Valley Point Current (Ve. = 20V, Rao = 1009) 
VoB1 Base 1 Peak Pulse Voltage (See Fig. 3) 
(OBI Base 1 Peak Pulse Voltage Rise Time (10%-90% points) 
SYMBOL AND NOMENCLATURE EMITTER CHARACTERISTICS Vos: TEST CIRCUIT 
VE 
“82 OFF RESISTANCE >i SATURATION—~— 
REGION : REGION | RESION 
Vp PEAK POINT 


rate TO BASE- 
paver rot | 
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—— Motorola Special and Multiple Transistors ——— 


2n3/96 2n3797 


Vos = 20-25 V 
Ip = 20mA 


N-channel insulated gate silicon field effect transis- 
CASE 22 tors for low power applications in the audio frequency 
(TO) range. 


ABSOLUTE MAXIMUM RATINGS. (At 25° ambient temperature unless otherwise noted) 


Characteristic 


Drain-Source Voltage 


2N3796 
2N3797 


Gate-Source Voltage +10 Vdc 


Power Dissipation at Ta = 25°C 200 mW 
Derating Factor above 25°C 1.14 mWw/°C 
T 


Caractait [Smt [_ win | Tye | tex | te 


Drain-Source Breakdown Voltage BVnsx Vdc 
= -4V, In = 5 pA) 2N3796 


(Vos = 
Ves(ott) weil er 
-1 
(Vpg = 10 V, Veg = +3. 5V) 2N3796 


Vos = -7V, i) = § pA) 2N3797 
mAdc 
I (on) 14 
2N3797 18 
Drain-Gate Reverse Current Inco pAdc 
(Ving = 10 V, Ig = 0) 0.1 | 1.0 


I pAdc 
oe 0.1 1.0 
50 200 


J pumhos 
I%ts | 1300 | 1800 
2100 | 3000 


Zero-Gate-Voltage Drain Current 
(Vins =10V, Ves = 0) 2N3796 


2N3797 


Gate-Source Voltage Cutoff 
(Ih 0.5 MA, Vog= 10 V) 2N3796 


(I) 2.0 HA, Vpg= 10 V) 2N3797 


"On" Drain Current 


Gate-Reverse Current 
(Yes = -10 V, Vos = 0) 


=0, T 


A = 150 C) 


Small-Signal, Common-Source Forward Transfer 
Admittance 


(Vpg=10V, Vgg=0, £=1 ke) 2N3796 
2N3797 


(Vpg= 10 V, Vag = 0, £ = 1.0 me) 2N3796 
| 2N3797 
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2N3796, 2N3797 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Ves, GATE SOURCE VOLTAGE (VOLTS) 


je. AMPLIFICATION FACTOR 


Characteristic 


Small-Signal, Common-Source, Output 
Admittance 


Small-Signal, Common-Source, Input 
Capacitance 


Small-Signal, Common-Source, Reverse 
Transfer Capacitance 


Noise see 


R, = =3 aie eeie 


2N3796 


1.0 10 20 


Ip, BRAIN CURRENT (mA) 


ae AMPLIFICATION FACTOR versus DRAIN CURRENT 


NF, NOISE FIGURE (db) 


Motorola Special and Multiple Transistors 


COMMON SOURCE TRANSFER CHARACTERISTICS 


Vos, GATE SOURCE VOLTAGE (VOLTS) 


2N3797 


Ries 
ME Rismeie2eike 
ttt ett 
nee = ae eee 
0.01 0.1 10 10 20 
Ip, DRAIN CURRENT (mA) 


NOISE FIGURE versus SOURCE RESISTANCE 


NT Tt 1 
tt atta 


03 0507 1 3 


5 7 10 
Rg, SOURCE RESISTANCE (megohms) 


20 30 


Motorola Special and Multiple Transistors 


2n3800 thru 2N36 | I 


‘ CASE 32 \\'\ 


Vero = 60 V 
Ic = 50 mA 


PNP silicon annular dual-transistors for low-level, 
low-noise differential amplifier applications. 


(TO-18) (TO-5) 
2N3800 2N3806 
thru thru 
2N3805 2N3811 


MAXIMUM RATINGS at 25°C ambient temperature unless otherwise noted) 


a ee ee 
er 
Collector-Emitter Voltage | Yee | 
er 
es 
Bn a 
[Tae | 
ee 


Storage Temperature Range 


Total Device Dissipation @ Ta = 25°C 
TO-5 Case 
Derate above 25°C 


TO-18 Case 
Derate above 25°C 


NOISE FIGURE VERSUS FREQUENCY AND SOURCE RESISTANCE 


2N3800,02,04,06,08,10 2N3801 ,03,05,07,09,11 


NF versus Rg NF versus Rg / 

\ NF versus f NF versus f / 
/ 

NSantoo NEE EET 


e TINT LHL NAT 

§ 2 

= 8 \| J = 8 

3 1078. 10Ke2 | Fr \ \ 

= 6 *s = 6 ‘ \ i 

: * IN Nes | LV WN 
4 af bE AA 

RP 10 pA 10K NUP, BZ W 
2 aS RAY 1g0 yap, 3K TNY Bz LAL 
ies SSS TS a | 
0 : 0 kin aa 
01 0203 050710 2 3 5 710 2 30 50 70100 O1 0203 050710 23 5 7 10 2 30 5070100 
f, FREQUENCY (ke ) and R,, SOURCE RESISTANCE (kohms) f, FREQUENCY (kc) and R, SOURCE RESISTANCE (kohms) 
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Motorola Special and Multiple Transistors 
2N3800 thru 2N3811 (continued) 


ELECTRICAL CHARACTERISTICS (at 25°C ambient temperature unless otherwise noted) 


Characteristic Symbol 


Collector-Base Breakdown Voltage BVogo 
M, = 10 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage 
(I, = 10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 

a, = 10 pAdc, I, = 0) 
Collector Cutoff Current 

(Voz = §0 Vdc, I, = 0) 

(Vv 7 = 50 Vde, I, = 0, T, = 150°C) 
Emitter Cutoff Current 

(Vor = 4 Vdc, I, = 0) 
Collector-Emitter Saturation Voltage* 

f, = 100 pAdc, I, = 10 pAdc) 

6 = 1 mAdc, I, = 100 pAdc) 
Base-Emitter Saturation Voltage* 

Q, = 100 pAdc, I, = 10 Adc) 

(lc = 1 mAdc, i = 100 pAdc) 


DC Forward Current Transfer Ratio* 


Minimum Typical Maximum Unit 


(I, = 1 pAdc, Vog = 5 Vde) 2N3801, 03, 05, 07, 09, 11 
(Ig = 10 pAdc, Vap = 5 Vdc) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(Ip = 100 pAdc, Voq = 5 Vde) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(I, = 100 pAdc, Vag = 5 Vdc, T, = -55°C) 2N3800, 02, 04, 08, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(I = 500 pAde, Vo, = 5 Vdc) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(I, = 1 mAde, Veg = 5 Vde) 2N3800, 02, 04, 08, 08, 10 
2N3801, 03, 05, 07, 09, 11 

(I, = 10 mAde, Vp = 5 Vdc) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 


Base Emitter "ON" Voltage 
i, = 100 pAde, Vor = § V) 


Output Capacitance 
Voz = § Vde, I, = 0, f = 100 kc) 


Input Capacitance 
(Von = 0.5 Vdc, Io = 0, f = 100 ke) 


small Signal Current Gain 
(Il, = §00 pA, Voge 5 V, £ = 30 mc) 


fi, =imA, Vv =§V, f = 100 mc) 


(i, =1mA, Vo.F 10 V, f= 1 ke) 2N3800, 02, 04, 06, 08, 10 
2N3801, 03, 05, 07, 09, 11 


c 
CE 


Voltage Feedback Ratio : 
lo = 1.0 mA, Vor 10 V, f = 1 ke) 


Input Impedance 
1S =1.0mA, Vv, = 10 V, f= 1 ke) 2N3800, 02, 04, 06, 08, 10 


CE 2N3801, 03, 05, 07, 09, 11 
Output Admittance 
fl, =1.0mA, y 
Noise Figure 
(Il, = 100 pA, V 


cE = 10 V, f = 1 ke) 


= 10V, Rg =3K) 


CE 


f = 100 cps 2N3800, 02, 04, 06, 08, 10 2 4 7 
2N3801, 03, 05, 07, 09, . 2.5 4 

f=1ke 2N3800, 02, 04, 06, 08, 10 . 1.5 3 
05, 0.8 1.5 

f=10kc 2N3800, 02, 04, 06, 08, 10 E 10 2.5 
0.8 1.5 

Noise Bandwidth 10 cps to 15.7 ke 2N3800, 02, 04, 06, 08, 10 : 2.5 3.5 
: 15 25 


MATCHING CHARACTERISTICS 
DC Current Gain Ratio** hori /b00°* 


Q, = 100 pAdc, Vor = § Vdc) 


Base Voltage Differential V. -V | 
(i, = 10 WA, to 10 mA, Veg = 5 Vde) |Yse17’BE2 


lo = 100 » Adc, Vor = § Vdc) 


Base Voltage Differential Change 4(V 551-V BE) 
fl, = 100 pAdc, Vor = § Vde, Ty = -§5 to +25°C) 2N3802, 
2N3804, 
= § Vde, Ta = 25 to 125°C) 2N3802, 
2N3804, 


* Pulse Test £ 300usec, duty cycle < 2% Vos - Base-Emitter Reverse Bias 
** The lowest bee reading is taken as her) for this ratio 


(I, = 100 pAdc, 


Vor 
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Motorola Special and Multiple Transistors 


Vero = 30 V 
Ic = 200 mA 


NPN silicon annular Star dual-transistors for high- 
\ speed switching and DC to UHF amplifier applications. 


\ 


MD981 MD981F 
CASE 32 CASE 33 
(TO-5) MD981F 
1 
9 2 
7 4 
5 


ABSOLUTE MAXIMUM RATINGS (each side) 


= Ree a 


Collector-Emitter Voltage 
MD981 
Emitter- Base } Bmitter-Base Voltage 
Collector pele mAdc 
(Limited by Pn 


Flat Package 
Total Device Dissipation 
mW 
mW/°C 
600 mW 
3.4 mW7°C 


(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors 
MD981 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 
(At 25° ambient temperature unless otherwise noted) 


=— = 
Collector-Base Breakdown Voltage B 
(I, = 10 pAde, I, = 0) 


Collector-Emitter Breakdown Voltage* 
(In = 10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
wr = 10 pAdc, Io = 0) 


Collector Cutoff Current 
Vop = 50 Vdc, Ip = 0) 


(Vop = 80 Vde, I, = 0, T, = 150°C) 


VcBo 

BVcro" 

BVEBO 

IcBo 

Collector -Emitter Saturation Voltage 
(I, = 150 mAdc, I, = 15 mAdc) 

Pigs ane ips mh 


DC Forward Current Transfer Ratio 
I, = 0.1 mAdc, Vor = 10 Vdc) 
(I, = 1 mAdc, V,, = 10 Vdc) 

Ig = 10 mAdc, Vog = 10 Vdc) 

Up = 150 mAdc, Vor = 10 Vdc)* 


Output Capacitance Cc ob 
(Vop = 10 Vdc, I, = 0, { = 100 kc) 


CE 


Small-Signal Forward Current Transfer Ratio 
(I, = 20 mAdc, = 20 Vdc, [ = 100 mc) TO-5 


Package 
(l, = 20 mAdc, 


Package 


Vor 


Vog = 10 Vde, f= 100 me) Flat 


Current-Gain-Bandwidth Product 
(Vor = 20 Vdc, Io = 20 mAdc) TO-5 Package 


(Vor = 10 Vdc, In = 20 mAdc) Flat Package 


9-16 


Motorola Special and Multiple Transistors 


Vero = 50V 
Ic = 200 mA 


PNP silicon annular Star dual-transistors for high- 
speed switching and DC to UHF amplifier applications. 


MD981 MD982 


MD982 MD982F 
CASE 32 CASE 33 
(TO-5) 


CASE 33 


(NPN) (PNP) 


PIN CONNECTIONS 
BOTTOM VIEW 


MD981F MD982F 
1 1 
) 2 9 2 
7 4 7— 4 
5 5 
ABSOLUTE MAXIMUM RATINGS (each side 
Characteristic 


Collector-Emitter Voltage 


MD982 


Collector Current Ic 
(Limited by Pp) 


Operating Junction Temperature 
Storage Temperature T sto 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


Motorola Special and Multiple Transistors 
MD982 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(Io = -10 p Adc, Ip = 0) 


Collector-Emitter Breakdown Voltage* 
(Ic = -10 mAdc, Ip = 0) 


Emitter-Base Breakdown Voltage 
(Ip = -10 wAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = -90 Vdc, Ip = 0) 
(VGB =-50 Vde,Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage 
(Ic = -150 mAdc, Ip = -15 mAdc) 


Base-Emitter Saturation Voltage 
(Ic =-150 mAdc, Ip = -15 mAdc) 


DC Forward Current Transfer Ratio 
(Ic =-0.1 mAdc, Vcg = -10 Vdc) 
(Ic = -1 mAdc, Vcr = -10 Vdc) 
(Ic = -10 mAdc. Vog = -10 Vdc) 
(Ic =-150 mAde, Voge = -10 Vdc) * 


Output Capacitance 
(VcBR =-10 Vdc, Ip = 0,f = 100 ke) 


Current-Gain-Bandwidth Product 
(Vopr = -20 Vde, Ip = -20 mAdc) TO-5 Package | 
(Vor = -10 Vdc, Io = -20 mAdc) Flat Package 


*Pulse Test: Pulse Width = 300 yusec, Duty Cycle ¢ 2% 
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Motorola Special and Multiple Transistors 


Veto =20V 
lc = 200 mA 


PNP silicon annular dual-transistors for high-speed 
switching and amplifier applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


ee ee 
[airaerrome Yew fe 
ramen Te | 

ese el 


Total Device Dissipation 


(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 


(25°C Ambient Temperature) 
’ Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD984 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage 
Qi, = -10 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 


@, = -10 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
Q, = -10 pAdc, In = 0) 


Collector Cutoff Current 
(Voz = -20 Vdc, Ip = 0) 


(Vop = -20 Vde, I, = 0, T 


= 150°C) 


E A 


— et etl 
wy | 


Collector-Emitter Saturation Voltage 
Ml, = -10 mAdc, I, = -1 mAdc) 


(I, = -50 mAde, I, = -5 mAdc) 


Base-Emitter Saturation Voltage 


(I, = -10 mAde, I, = -1 mAdc) BE(sat) 


DC Forward Current Transfer Ratio 
198 = -10 mAdc, Vor = -10 Vdc) 


Output Capacitance 
(Vaz = -10 Vdc, Ip = 0, f = 100 kc) 


Small-Signal Forward Current Transfer Ratio 
i, = -20 mAdc, Vor = -20 Vdc, f = 100 mc) 


Current-Gain— Bandwidth Product 
fi, = -20 mAdc, Vor = -20 Vdc) 


BYcg0 
BVoK9” 
BV eno 
IcRO 
Vv 
jamin | 
Roa 
|_| 


* Pulse Test: Pulse Width s300 psec, Duty Cycle s 2% 
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Motorola Special and Multiple Transistors 


Vceo = 30 V 
Ic = 500 mA 


NPN-PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 


CASE 32 CASE 33 
(TO-5) 


MD985 MDS85F 
NPN 


PNP 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


rr ee 

er 

ee 

oe 

[seem oreremawag [te 

[emma ere [fe 
a 
ere Hae 


Storage Temperature 


= 25°C 


Total Device Dissipation @ TA 
Flat Package 
Derating Factor 

TO-5 Package 

Derating Factor 


250 350 
1.5 2.0 


900 600 
2.9 3.4 
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Motorola Special and Multiple Transistors 
MD9856 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 
Characteristic 


Collector-Base Breakdown Voltage BV Ro Vdc 
I, = 10 pAdc, I, = 0) 


Collector-Emitter Breakdown Voltage** BV ae Vdc 
(I, = 10 mAdc, I, = Q) 


Emitter-Base Breakdown Voltage 
(i, = 10 pAdc, In = 0) 


Collector Cutoff Current 
(Voz = 50 Vdc, In = 0) 


(Voz = 50 Vdc, I, = 0, Ty 
Collector-Emitter Saturation Voltage** VoR(sat)” Vdc 

1, = 150 mAdc, I, = 15 mAdc) 
Base-Emitter Saturation Voltage** VBE ( sat) Vdc 

I, = 150 mAdc, I, = 15 mAdc) 


DC Forward Current Transfer Ratio 
I, = 0.1 mAdc, Vor = 10 Vdc) 
1 mAdc, Vor = 10 Vdc) 

(i, = 10 mAdc, Vor = 10 Vdc) 


(I, = 150 mAdc, V,,, = 10 Vdc)** 


= 150°C) 


CE 


Output Capacitance ob 
(Voz = 10 Vdc, I, = 0, f = 100 kc) 


Current-Gain — Bandwidth Product 
Vor = 20 Vdc, In = §0 mAdc) TO-5 Package 


(Vor = 10 Vdc, I, = 20 mAdc) Flat Package 


C 


** Pulse Test: Pulse Width = 300 psec. Duty Cycle s2% 
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Motorola Special and Multiple Transistors 


Veceo =I15V 
Ic = 200 mA 


NPN-PNP silicon annular Star complementary pair 
dual-transistors for high-speed switching circuits and 
DC to UHF amplifier applications. 


CASE 32 CASE 33 


10-5) MD986F 
MD986 


NPN 


PNP 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


- Operating Junction Temperature 
Storage ae -65 to+ 200 


Total Device Dissipation @T, = le | 
Flat Package 250 350 
Derate above 250C 1.5 2.0 


TO-5 Package 3900 600 
Derate above 25°C 2.9 3.4 


Motorola Special and Multiple Transistors 


MD9$86 (continued) 


ELECTRICAL CHARACTERISTICS each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristics 


Collector-Base Breakdown Voltage BVcBO 
(Ic = 10 uAde, Ip = 0) 

Collector-Emitter Breakdown Voltage* BVcKo* Vdc 
(Ig = 10 mAdc, Ip= 0) 15 

Emitter-Base Breakdown Voltage BVeRO Vdc 
(Ip = 10 wAdc, Ic = 0) 


Collector Cutoff Current 
(Voz = 20 Vdc, Ip = 0) 


(Vop = 20 Vdc, Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage 
(Ig = 10 mAdc, In = 1 mAdc) 


(Io = 50 mAdc, In = 5 mAdc) 


Base-Emitter Saturation Voltage 


V 
E 
(Ig = 10 mAdc, Ip = 1 mAdc) Bere a J 


DC Forward Current Transfer Ratio 
(Io = 10 mAdc, Vcr = 10 Vdc) 


Output Capacitance Cop 
(Voz = 10 Vdc, Ip = 0,f= 100 ke) 


Current-Gain — Bandwidth Product 
(Vop = 20 Vdc, Ic = 20 mAdc) TO-5 Package 
(Vor = 10 Vdc, Iq = 20 mAdc) Flat Package 


*Pulse Test: Pulse Width = 300 psec, Duty Cycle SS 2% 


a 
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Motorola Special and Multiple Transistors 


Vero =35V 
Ic = 600 mA 


PNP silicon annular dual-transistors for medium- 
speed switching applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


Collector-Emitter Voltage 


Collector-Emitter Voltage 
(Ryp 5102) 


Emitter-Base Voltage 


Collector Current 


Storage Temperature T -65 to +200 


Total Device Dissipation 
(25°C Case Temperature) 
Derate above 25°C 


Total Device Dissipation 
(25°C Ambient Temperature 
Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD990 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic 


Collector-Base Breakdown Voltage 
(I, =-100 Adc, I,, = 0) 


Collector-Emitter Breakdown Voltage * BVoro" 
(I, = -10 mAdc, Ih = 0) 


Collector-Emitter Breakdown Voltage* . BvYopr* 
(I, = -30 mAdc, I, = 0, R,, 102) 


Emitter-Base Breakdown Voltage BV 
(I, = -100 nAdc, I, = 0) 


Collector Cutoff Current 
=-30 Vdc, Ip = 0) 


=-30 Vdc, I = 0, T, = 150°C) 
Collector-Emitter Saturation Voltage VoK(s at) 

(I, = -150 mAdc, = -15 mAdc) 

Cc 

Base-Emitter Saturation Voltage 

(I, = -150 mAde, 1, = -15 mAdc) “BE(sat) - 
DC Forward Current Transfer Ratio * 
(I, = -150 mAdc, Vor = -10 Vdc) 


Output Capacitance Cob 
(Von = -10 Vdc, I, = 0, f = 100 kc) 


Current-Gain— Bandwidth Product {; 
Vor =+10 Vde, In = -50 mAdc, f = 20 mc) 


*Pulse Test: Pulse-Width S300 usec, Duty Cycle & 2% 


ro 
w 
° 


9-26 


Motorola Special and Multiple Transistors 


Vero = 30 V 
lc = 500 mA 


NPN silicon annular Star dual-transistors for differ- 
ential amplifiers and other applications requiring a 
matched pair with a high degree of parameter unifor- 


mity. 
1 
9 2 
7 4 
5 


PIN CONNECTIONS 
BOTTOM VIEW 


CASE 32 CASE 33 


(TO-5) 
MD1120 MD1120F 
thru ru 
MD1122 MD1122F 


MAXIMUM RATINGS (each side) 


D.C. Collector Current 


Junction Temperature ° 


C 
SC 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


Motorola Special and Multiple Transistors 
MD1120-MD1 122 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


fat 25°C ambient temperature unless otherwise noted) 


ee 


Collector-Base Breakdown Voltage BYcRo 
(Ic = 10 u Adc) 


Collector-Emitter Breakdown Voltage* BVcEO. 
(Ig = 10 mAde) 


Emitter-Base Breakdown Voltage “ BVEBO 
(Ig 2 10 Adc) 

Collector Cutoff Current 
(Vcop = 50 Vdc) 
(Vog 250 Vde, Ta = 150°C) 

Emitter Cutoff Current 
(Vep = 3 Vdc) 

Collector-Emitter Saturation Voltage VcE (sat) 
(Ic = 10 mAdc, Ip = 1 mAdc) 


Base-Emitter Saturation Voltage VBE (sat) 


bep)/DpEe** 


20 
30 
40 
50 
0.8 
0.9 
0.9 
= ey 
2.5 
2.0 
250 
200 


DC Forward Current Transfer Ratio 


= 10 #Ade, Vog = 10 Vde) MD1121, MD1122T 
(ic = 100 # Adc, Vog = 10 Vdc) All Types 
(Ig = lmAdc, Vog 710 Vde) All Types 


(Ig = 10mAde, Vog = 10 Vde) All Types 


DC Current Gain Ratio ** 


(I, = 100 HAde, Vog = 10 Vde) MD1120T 
MD1121, MD1122T 
(Ic 2 lmAde, Veg =10 Vde) MD1122T 


Base Voltage Differential 


(ig = 100 pAdc, Vog = 10 Vdc) MD1120, MD1121f 
. MD1122T 
(Ig = lmAde, Vcg = 10 Vdc) MD1122T 


Base Voltage Differential Change 
(ic = 100 wAdc, V, =10 Vdc, 
Ta -55°C to + f80c) MD1121, MD1122T 


Collector Output Capacitance 
(Vop = 10 Vdc, f = 100 ke) 


Small-Signal Forward Current Transfer Ratio 
= 20 mAdc, Vog = 20 Vdc, f= 100 mc) TO-5 Package 
(I, = 20 mAde, Vog = 10 Vae, f= 100 mc) Flat Package 


Current-Gain-Bandwidth Product z 
Veg = 20 Vde, I, = 20 mAdc) TO-5 Package 
(Veg = 10 Vde, Iq = 20 mAdc) Flat Package 


* Pulse Test: Pulse Width “= 300 psec. Duty Cycle=% 2% 
*%* The lowest reading is taken as for this ratio 
t Applies to esponding Flat Package ce type also 
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Motorola Special and Multiple Transistors 


mo 1123 ) fea aah 
mo1124 


mo1125 


PNP silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


1 
CASE 32 CASE 33 9 y) 
(TO-5) 
MD1123 MD1123F 
thru ru 7 3 
MD1125 MD1125F 4 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


[areas | 
conc-twe ves | veno | 
 eniertmier vos | Yeap | 
a 
: 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


Motorola Special and Multiple Transistors 
MD1123-MD1 125 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristics 


Collector-Base Breakdown Voltage 
(Ic = -10 pAdc) 


Collector-Emitter Breakdown Voltage* 
(Ic = -10 mAdc) 


Emitter-Base Breakdown Voltage 
(Ig = -10 pAdc) 


Collector Cutoff Current 


Emitter Cutoff Current 
(V EB = -3 Vdc) 


4 F 


Collector-Emitter Saturation Voltage 
(Ic = -10 mAdc, Ip = -1 mAdc) 


Base-Emitter Saturation Voltage 
(Ic = -10 mAdc, Ip = -1 mAdc) 


< 
Q. 
r=) 


DC Forwafd Current Transfer Ratio 
(Ic -10 wAdc, VcE = -10 Vdc) MD1124, MD1125T 
(Ic = -100 nAdc, Vog = -10 Vde) All Types 


(I¢ = -1 mAdc, Vor = -10 Vdc) All Types 
Cc 


(Ic =-10 mAdc, Vcg = -10 Vdc) All Types 


DC Current Gain Ratio ** 
(Ic = -100 wAdc, Vog = -10 Vde) MD1123t 
MD1124, MD1125T 
(Ig = -1 mAdc, Vog = -10 Vdc) MD1125T 


Base Voltage Differential VBr17VBE2 
(Ig = -100 "Ade, Veg =-10 Vdc) MD1123, MD1124T 
MD1125T 
(Ig = -1 mAdec, Vog = -10 Vde) MD1125T 


Base Voltage Differential Change 4 (Vpe1-VpE2) pV/°C 
(Ic = -100 pAdc, Vcg = -10 Vdc, 
Ta = -55°C to + 125°C) 

Collector Output Capacitance 
(VcBp = -10 Vdc, f = 100 ke) 

Small-Signal Forward Current Transfer Ratio hee 
(Iq = -20 mAdc, Vcg = -20 Vde, {= 100 me) TO-5 
(I, = -20 mAdc, Vor = -10 Vdc, f = 100mc) Flat 

Current-Gain- Bandwidth Product ft, 
(Veg = -20 Vdc, I, = -20 mAdc) TO-5 
Vor =-10 Vde, I, = -20 mAdc) Fiat 


*Pulse Test: Pulse Width <S 300 sec, Duty Cycle S 2% 
**The lowest hpp reading is taken as hpp, for this ratio 
T Applies to corresponding Flat Package device type also 
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Motorola Special and Multiple Transistors 


Veco = 15V 
mp1126 idee la 
mp 1127 | 


NPN silicon annular dual-transistors for high-speed 
Switching applications. 


CASE 32 
(TO-5) 


PIN CONNECTIONS 
(BOTTOM VIEW) 


ABSOLUTE MAXIMUM RATINGS (each side) 


veo | 
Collector-Emitter Voltage : Voro 


Characteristics 


Collector-Base Voltage 


re. es i, 
Collector Current , Ce a ee 
-65 to +200 


WwW 
mW/°C 


Operating Junction Temperature 
Storage Temperature 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Io 


"| Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 
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Motorola Special and Multiple Transistors 
MD1126, MD1127 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Chractrtis =| Sombot_ |Win | Max | nit 
Collector-Base Breakdown Voltage 


BV Vdc 
Collector-Emitter Breakdown Voltage* BVoRo* Vdc 
(I, = 30 mAdc, Ip = 0) 15 
toad OM a 


Emitter-Base Breakdown Voltage 
(Ip = 10 pAdc, Ic = 0) 


Collector Cutoff Current 
(Vcp = 20 Vdc, Ip = 0) 
(VcB = 20 Vdc, Ip = 0, Ta = 150°C) 


Collector-Emitter Saturation Voltage 


I pp Adc 
eee .025 
15 
(Ic = 10 mAdc, Ip = 1 mAdc) | MD1126 


VCE (sat) Vde 
0.40 
MD1127 0.25 
Base-Emitter Saturation Voltage V Vdc 
(Ic = 10 mAdc, Ip = 1 mAdc) melas tia 


DC Forward Current Transfer Ratio* 
(Ic = 10 mAdc, Vog = 1 Vdc) 


Output Capacitance 
(Vcp = 10 Vde, Ip = 0, f = 100 ke) 


Small-Signal Forward Current Transfer Ratio 
(Ic = 20 mAdc, Vcr = 10 Vde, f = 100 mc) 


Charge-Storage Time Constant 
(Ic = Ip; = IB2 = 20 mAdc) MD1127 


*Pulse Test: Pulse Width <= 300 psec, Duty Cycle < 2% 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT CHARGE STORAGE TIME CONSTANT TEST CIRCUIT 
MD1126 MD1127 
+10 Vdc + 5V 


ov 
— 9V 


INPUT PULSE 
RISE TIME =I nsec 
Vour 509 SOURCE IMPEDANCE 


ot 215 OUTPUT TO SAMPLING 


OSCILLOSCOPE 
RISE TIME =< I nsec 
5029 INPUT IMPEDANCE 
PULSE WIDTH == 200 nsec 


+7V 
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Motorola Special and Multiple Transistors 


MD Voeo =15V 
T 128 Ic = 200 mA 
NPN silicon annular dual-transistors for high-speed 
switching applications. ° 
3° 
CASE 32 
(TO-5) 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


[eases [eyo] 

Collector-Emitter Voltage fvecof = (se 

a 
: 
oC 


Storage Temperature T stg -65 to +200 ro 
BOTH SIDES 
mw/°C 


0.30 
1.7 


Total Device Dissipation 
(25°C Case Temperature) 
(Derate above 25°C) 


Total Device Dissipation 
(25°C Ambient Temperature) 
(Derate above 25°C) 


WwW 


CHARGE STORAGE TIME CONSTANT TEST CIRCUIT TURN-ON AND TURN-OFF TIME TEST CIRCUIT 


+ 3 Vde 
+ 10 Vde 
160 1K 0-lgf 280 
(0 vs 15K 0.1yf 
—o Vour 
@) 
Vin — 10V i. LL 
Ves toe 2 Ves = + 16 Veo 
tas Va = — 4 Vee Via =—19 Vee 
oe er wT 
OV 
V,, = + 21 Vdc 
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Motorola Special and Multiple Transistors 
MD1128 (continued) 


ELECTRICAL CHARACTERISTICS each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristic [Symbot_— [Min [Max [unit 
Collector-Base Breakdown Voltage BVcRO Vdc 
(Ic = 10 uw Adc, Ig = 0) 
Collector-Emitter Breakdown Voltage’ BVcKo Vdc 
(Ic = 10 mAdc, Ip = 0) 
Emitter-Base Breakdown Voltage BVERO Vdc 
(Im = 10 wAdc, Ic = 0), 
Collector Cutoff Current lors ut Adc 
(Vor = 20 Vdc, Vpr = 0) 
Collector Cutoff Current loRo Lt Adc 
(VcB = 20 Vdc, Ig = 0) 
(VcB = 20 Vdc, Ip = 0, Ta 
V Vdc- 
(Ic = 10 mAdc, Ip = 1 mAdc) Genet 
(Ic = 50 mAdc, Ip = 5 mAdc) 
Base-Emitter Saturation Voltage VBE Vdc 
Sea aaa | Yow | dog |" 
DC Forward Current Transfer Ratio 
(Ic = 10 mAdc, Vcg = 1 Vdc) - 
Output Capacitance Cop 
(Vop = 10 Vdc, Ip = 0,f = 100 ke) 


-| Small-Signal Forward Current Transfer Ratio 
(Ic = 10 mAdc, VCE = 20 Vdc, f = 100 mc) 


= +150°C) 


Collector-Emitter Saturation Voltage 


Current-Gain-Bandwidth Product 
(VCE = 20 Vdc, Ic = 10 mAdc) 


Charge-Storage Time Constant 


Turn-On Time 
(I¢ = 10 mAdc, Ipi = 3 mAdc, Ipo =] mAdc) 


Turn-Off Time 
(Ic = 10 mAdc, Ip, = 3 mAdc, Ip2 =1 mAdc) 


*Pulse Test: Pulse Width = 300 psec, Duty Cycle s 2% 
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Motorola Special and Multiple Transistors 


Vero = 30V 
mp1129 easy aaah 


NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
“pair with a high degree of parameter uniformity. 


MD1129 MD1130 


CASE 32 CASE 33 
(TO-5) 
MD1129 MD1129F (NPN) (PNP) 
PIN CONNECTIONS 
BOTTOM VIEW 
MD1129F MD1130F 


| wo 
a nN = 

~~ wo 
on ff we 


ABSOLUTE MAXIMUM RATINGS (each side) 


Characteristic 


Collector-Base Voltage Vo BO 
Vv 


Collector-Emitter Voltage 
Emitter-Base Voltage VERO 


Collector Current 
(Limited by P) 


Operating Junction Temperature T J 
ay -65 to +200 
stg 


Storage Temperature 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
‘Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD1129 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 
(At 25° ambient temperature unless otherwise noted) 


Collector-Base Breakdown Voltage BV 
Io = 10 wAdc) 


Collector-Emitter Breakdown Voltage* 
Io = 10 mAdc) 


Emitter-Base Breakdown Voltage - 
(I, = 10 pAdc) 


Collector Cutoff Current 
Von = 50 Vdc) 


(Vop = 50 Vde, T, = 150°C) 


Emitter Cutoff Current 
(Veep = = 3 Vdc) 
Collector-Emitter Saturation Voltage | Vor sat) Vde 
(I, = 10 mAdc, I, = 1 mAdc) 
Cc 
Base-Emitter Saturation Voltage : VER(sat) Vdc 
I = 10 mAdc, I, = 1 mAdc) 


DC Forward Current Transfer Ratio 
Io = 10 pAde, Vor = 10 Vdc) 


I = 100 pAdc, Vor = 10 Vdc) 
= 10 Vdc) 


Io = 1 mAdc, Vor 


I, = 10 mAdc, V 


CE= 10 Vdc) 


DC Current Gain Ratio** 
(Ip = 100 pAde, Vor = 10 Vdc) 


(I, = 1 mAdc, Vor = 10 Vdc) 


Base Voltage Differential 


hppy/ here” 0.9 
0.9 
I = 100 pAdc, V,,, = 10 Vdc) 


VpE1-VBE2| mvVde 
(I, = 1 mAdc, ae = 10 Vdc) 
Base Voltage Differential Change VpE1-" BED pv/°C 
te - 100 pAdc, Vor = = 10 Vdc, TA = -55°C to 4125°C) 


Collector Output Capacitance 
Vop = 10 Vdc, f = 100 kc) 


Current -Gain —Bandwidth Product _ 


(Vopr = 10 Vde, I, = 20 mAdc) 
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Motorola Special and Multiple Transistors 
Vero =40V 
mo1130 lc = 200 mA 


PNP silicon annular dual-transistors tor differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


MD1129 MD1130 


CASE 32 CASE 33 
(TO-5) 


MD1130 MD1130F 


(NPN) — (PNP) 
PIN CONNECTIONS 
BOTTOM VIEW 
MD1129F MD1130F 
9 9 2 
7 4 7 
5 


ABSOLUTE MAXIMUM RATINGS (each side) 


Characteristic 


Collector-Base Voltage 


Collector-Emitter Voltage 
MD1130 


Emitter-Base Voltage 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors 
MD1130 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(at 25°C ambient temperature unless otherwise noted) 


Characteristi | Min | Max | ait 

Collector-Base Breakdown Voltage BV, BO Vdc 
fl, = -10 pAdc) 

Collector-Emitter Breakdown Voltage* BVuE9* Vde 
(, = -10 mAdc) 

Emitter-Base Breakdown Voltage BV, BO Vdc 
(5 = -10 p Adc) 

Collector Cutoff Current In BO p Adc 
(Vn = -50 Vdc) 

CB 

(Voz = -50 Vdc, Ty = 150°C) 

Emitter Cutoff Current nAdc 
(VER = -3 Vdc) 

Collector-Emitter Saturation Voltage Vor (sat) Vdc 
i, = -10 mAdc, I, = -1 mAdc) 

Base-Emitter Saturation Voltage V Vde 
(I, = -10 mAde, I, = -1 mAdc) BE(sat) Ss fos 


DC Forward Current Transfer Ratio 
I, = -10 pAdc, Vor = -10 Vdc) 60 
Qi, = -100 pAdc, Vor = -10 Vdc) 100 
te : mad ‘a =a ve | 0 al 
i, = -10 mAdc, Vor = -10 Vdc) 100 


DC Current Gain Ratio** 
I, = -100 Adc, Vor = -10 Vdc) 


(i, = -1 mAde, VQp = -10 Vdc) 


ho. ho. ** 
FE1/"FE2 ad 
0.9 
\Yer1-“peal 
b 


Base Voltage Differential 
(I, = -100 pAdc, Vor = -10 Vdc) 


(1, =-1 mAdc, V_.. = -10 Vdc) 
Cc 


CE 


Base Voltage Differential Change 


(I, = -100 wAdc, V, =-10 Vde, T, = -55°C to +125°C) 


A 


x 
Vv 
4(V551- VBE) 
Current-Gain — Bandwidth Product {> 
(Vor = -10 Vdc, To = -20 mAdc) 


* Pulse Test: Pulse Width s 300 ysec, Duty Cycles 2% 


** The lowest her reading is taken as heey for this ratio 


Collector Output Capacitance 
(Von = -10 Vdc, F = 100 kc) 
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Motorola Special and Multiple Transistors 


Vero = 15V 
mo1131 err 


NPN silicon annular dual-transistors for high- 
frequency oscillator and amplifier transistors. 


CASE 32 CASE 33 
(TO-5) 


MD1131 MD1131F 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


Storage Temperature 


Total Device Dissipation 
@T A” 25°C 


TO-5 Package 
Derate above 25°C 


Flat Package 
Derate above 25°C 
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Motorola Special and Multiple Transistors 
MD1131 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 
(at 25°C ambient temperature unless otherwise noted) 


ee se 
Wad ES HE 
nek 


Collector-Base Breakdown Voltage 
re = 1 pwAde, I, = 0) 


Collector-Emitter Breakdown Voltage 
i, = 3 mAdc, I, = 0) 


Emitter-Base Breakdown Voltage 
fl, = 10 pAdc, Io = 0) 


Collector Cutoff Current 
(Von = 15 Vdc, I = 0) 


(Vag = 15 Vdc, In = 0, TA = +150°C) 


CB 


Collector-Emitter Saturation Voltage 


(I. = 10 mAdc, I, = 1 mAdc) VCE (sat) 
Cc B 
Base-Emitter Saturation Voltage 
98 = 10 mAdc, Ip = 1 mAdc) VpR(sat) 


DC Forward Current Transfer Ratio 
@, = 1 mAdc, Vor = 5 Vdc) 


= 
> 
2 
Q 


Output Capacitance 
(Vop = 10 Vdc, f = 140 kc) 


= 0 Vdc, f = 140 kc) 


(Yop 


Input Capacitance 
= 0.5 Vdc, f = 140 kc) 


Small-Signal Forward Current Transfer Ratio 
(il, = 4 mAde, Vog = 10 Vde, f = 100 me) 
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i” \ 
1 \ 


CASE 32 


(TO-5) 
MD1132 


Motorola Special and Multiple Transistors 


Veco =15V 
lc = 50 mA 


NPN silicon annular dual-transistors for differential 
amplifiers and other applications requiring a matched 
pair with a high degree of parameter uniformity. 


CASE 33 


MD1132F 


PIN CONNECTIONS 
BOTTOM VIEW 


ABSOLUTE MAXIMUM RATINGS (each side) 


ee 


ONE SIDE | BOTH SIDES 


Total Device Dissipation 


@T, 


= 25°C 


TO-5: MD1132 
Derating Factor Above 25°C 


Flat Package: MD1132F 
Derating Factor Above 25°C 
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Motorola Special and Multiple Transistors 
MD1132 (continued) 


ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristics  Symiet | cy 
Collector-Base Breakdown Voltage - BVcBO Vdc 
(Io = 1 pAdc) . 
Collector-Emitter Breakdown Voltage BVcEKo Vdc 
(Ic = 3mAdc) 
Emitter-Base Breakdown Voltage BVERO Vdc 


(Ip = 10 wAdc) 
Collector Cutoff Current pAdc 
(Vop = 15 Vde) 
(Vcp = 15 Vdc, Ty = 150°C) 


a 
° 


Collector-Emitter Saturation Voltage VCE(sat) Vde 
(Io = 10 mAdc, Ip = 1 mAdc) 
Base-Emitter Saturation Voltage VBE(sat) Vde 


(Ic = 10 mAdc, Ip= 1 mAdc) 


DC Forward Current Transfer Ratio 
(Ic = 1 mAdc, Vop = 5 Vdc) 
|Vpr1-VBE2 


DC Current Gain Ratio* hp) /hpre* 
(Ic = 1 mAdc, Vcg = 5 Vdc) 


Base Voltage Differential 
(Ic = 1 mAdc, Vog = 5 Vdc) 


mVdc 


Base Voltage Differential Change mvVdc 
(Ic = 1 mAdc, Vcg = 5 Vde, Ty = -55 to +25°C) 


(Ic = 1 mAdc, Vog = 5 Vde, T, = +25 to +125°C) 


Collector Output Capacitance 
(Vop = 10 Vdc, f = 140 kc) 
(Vop = 0 Vdc, f = 140 kc) 


4(VpR1-Vpre) 


Input Capacitance 
(Ves = 0.5 Vde, f = 140 ke) 


Small Signal Forward Current Transfer Ratio 
(Ic = 4 mAdc,Vcop = 10 Vde,f = 100 mc) 


ee Ie a 
on © © 


ale 
@® 


*The lowest hpp reading is taken as hp,p, for this ratio 
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Motorola Special and Multiple Transistors 


mp | 133 Vceco = 30 V 


NPN silicon annular dual-transistors for high-current 
saturated switching and core driver applications. 


MD1133 MD1133F 
CASE 32 CASE 33 
(TO-5) 


ro) 


PIN CONNECTIONS 
BOTTOM VIEW. 


ABSOLUTE MAXIMUM RATINGS each side) 


ee 
ee 
oe 
[Tesco | tem fe 
a 
a 
Dara od 


250 mW 
1,5 mWw/°C 
mW 

mw/°C 


Flat Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 


TO-5 Package 
Total Device Dissipation 

(25°C Ambient Temperature) 
Derate above 25°C 
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Motorola Special and Multiple Transistors 


MD1132 (continued) . 
ELECTRICAL CHARACTERISTICS (each side) 


(At 25° ambient temperature unless otherwise noted) 


Characteristic 
Collector Cutoff Current 


(Ving = 40 Vde, In = 0) 


CB 


(V., = 40 Vde, I, = 0, T, = 100°C) 


CB E A 


Emitter Cutoff Current 


(V.. = 4 Vde, Io = 0) 


CB 
Collector-Base Breakdown Voltage 


(I, = 10nAdc, I, = 0) 


Collector-Emitter Breakdown Voltage* 


fl. = 10mAdc, pulsed, I, = 0) 


Emitter-Base Breakdown Voltage 


(I, = 10uAde, I, = 0) 


Collector Saturation Voltage* 


(I, = 150mAdc, I, = 15mAdc) 


B 


(In = 500mAdc, I, = 50m Adc) 


1, = 1, 0OAdc, In = 100mAdc) 


Base-Emitter Saturation Voltage* 


(I, = 150mAdc, I, = 15mAdc) 


B 


(I, = §00mAdc, I, = 50mAdc) 


B 


(In = 1, 0Adc, I, = 100mAdc) 


DC Forward Current Transfer Ratio* 


(I, = 150mAde, Vop = 1Vdc) 


CE 


(1, = 500mAdc, V,,, = 1Vdc) 


CE 


(I, = 1Adc, V,, = 5Vdc) 


CE 
Output Capacitance 


= 10Vdc, I, = 0, f = 100kc) 


op E 
Input Capacitance 
(V 


= 0.5Vdc, I, = 0, f = 100kc) 


EB C 
Current Gain-Bandwidth Product (TO-5) 


fn = 50mAdc, Vor = 10Vdc, f = 100mc) 


Current Gain-Bandwidth Product (Flat) 


= 10Vdc, f = 100mc) 


(I, = 20mAdc, Vcr 


* Pulse Test: Pulse width = 300usec, duty cycle = 2% 
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Moforola Special and Multiple Transistors 


Voro = 15V 
mo 1134 Ic = 500 mA (peak) 


NPN silicon annular dual transistor for high-speed 
switching applications. 


CASE 32 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS 


Collector to Base Voltage | Nop | 
Collector to Emitter Voltage | Vego | 
Emitter to Base Voltage Yep 


Collector os (10sec pulse) 
(limited by P,, ‘C(peak) 


Operating Junction Temperature a 
Storage Temperature 


Total Device Dissipation 
25 C Ambient Temperature 
One Side 
Both Sides 
Derate 2.9mW °C above 25’C (one side) 
Derate 3. 4mW ‘°C above 25°C (both sides) 
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— Motorola Special and Multiple Transistors 
MD1134 (continued) 


ELECTRICAL CHARACTERISTICS (At 25° ambient temperature unless otherwise noted) 


Characteristic 


eo) 


Collector Base Breakdown Voltage BV apo Vde 
lo = 10uA, I, = 0 

Collector-Emitter Breakdown Voltage BVaros Vdc 
In = 10mA, Ip = 0 

Emitter-Base Breakdown Voltage B Vdc 


| 


B 


In = 1QuA, 1, = 0 


p Adc 


Collector Cutoff Current 


Vv 


CB" 20V, I, = 0 


pAdc 


Collector Cutoff Current 


Q 


~|. ol. 8 


fom 7 
ry} 
ro 


= 20V, 1, = 0, T, = 150°C 


Vo A 


B E 


Forward Current Transfer Ratio 


; =1V 


= 10mA, V =1V, T, =-55 C 


CE 
= 100mA, V 


A 


2V 


Io CE * 


I, = 10mA, I, = 1mA 


Collector Saturation Voltage VcK(sat) Vdc 
In = 10mA, I, = 1mA 
Base Saturation Voltage | Vdc 


VBR(sat) 0. 70 


Cob 


Cc 


Output Capacitance 


V = SV, Ih = 0, f = 140kc 


CB 


WO 
So 


pf 


Input Capacitance 


=1V, L, = 0, f = 140kc 


Cc 


Forward Current Transfer Ratio h 
Io = 10mA, Vor = 10V, f = 100mc 


= 
@ 


* Pulse Condition: 
P.W. < 300usec, D.C. < 2% 
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Motorola Special and Multiple Transistors 


mm2090 Vos ' = “acti 
2091 ene 


Silicon N-channel junction field effect transistors 
for low power switch and amplifier applications in the 
audio frequency range. Double gate configuration is 
provided for greater design flexibility. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic |) eee 


Reverse Gate-Source Voltage 
Voice 


Merye 1 
at 


Gate 1 
Gate 2 


Drain-Source Voltage 


Gate 1-Gate 2 Voltage 


MM2090 
MM2091 


Gate 2-Gate 1 Voltage 


MM2090 
MM2091 


Gate Current 


Junction Operating Temperature 
Storage Temperature Range 


Total Device Dissipation 
@25°C Ambient Temperature 


‘Derating Factor Above 25°C 
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Motorola Special and Multiple Transistors 


MM2090, MM2091 (continued) 


ELECTRICAL CHARACTERISTICS 


(At 25° ambient temperature unless otherwise noted) 


- | MM2080_ | M2097 


Gate 2 Common to Gate 1 


Gate-Source Breakdown Voltage 


I= 10 BA, Ving = 9, Vergy = 0 


Drain-Gate Reverse Current 


Voc =25V, I, = 0, Ve1ae2 = 


Gate Reverse Current 


Vag = 25 V, 0, V 


Vps * 
=25V, V 


GS 


V 0, V 


GS DS ~ 


Zero-Gate-Voltage Drain Current 


V. 


ps = 10V, V 


=0, V 


G1G2 Gs ~ 


Gate-Source Voltage 
Yps 
Vv 


=10V, V = 0, I, = 20 1A MM2090 


G1G2 D 


= 10V, = 0, I, = 150 1A MM2091 


DS Voice 


Gate-Source Cutoff Voltage Vs(oft) 


Vv 0 


ps = 10V, 1 


=1pA, V 


D G1G2 


Static Drain-Source ''On'"' Resistance 


Ving = 0, Ving = 0 


DS ° 


GS 


=25V,1. =0,1,=0, T, =150°C 


G 


9 Ss 


A 


Gate 1-Gate 2 Reach Through Voltage 


I = 10 nA, 1, =0, 1, =0 


G1G2 D Ss 


Gate 2-Gate 1 Reach Through Voltage 


Io9g1 = 10 HAs Ip =) Ig = 0 


Gate 1 - Source Cutoff Voltage 


V 


ps 710, 1 


=1.0pA, V 


Ges = ° 


D 
Gate 2 - Source Cutoff Voltage 


Vane =10V, IL, = 1.0 pA, V 0 


Gis ~ 


DS D 


9-48 


Motorola Special and Multiple Transistors 
MM2090, MM2091 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 
SMALL SIGNAL COMMON-SOURCE CHARACTERISTICS 


| wwzogo | Moor 
Characteristic [Maximum | Minimum | Maximum 


Magnitude of Forward Transfer Admittance j2mhos 
Vos =10V, Vois = Voes = 0, f=1ke 
Gate 2 Common to Source 1600 
Gate 2 Common to Gate 1 2400 
Reverse Transfer Capacitance 
Vos = 10 V; Vois * Yoes = © f=1ke 
Gate 2 Common to Source 
Gate 2 Common to Gate 1 


Input Capacitance ' pf 
Vos =10V, Vois = Voos = 0, f=1ke 
Gate 2 Common to Source 
Gate 2 Common to Gate 1 
Magnitude of Output Admittance jzmhos 
Vns =10V, Vols = Voos = 0, f=1ke 
Gate 2: Common to Gate 1 
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Motorola Special and Multiple Transistors 


mm2092 Gann 


Silicon N-channel junction field effect transistor for 
AGC and mixer applications. Double gate configura- 
tion is provided for greater design flexibility. 


CASE 22 
(TO-18) 


ABSOLUTE MAXIMUM RATINGS 


Characteristic 


Reverse Gate-Source Voltage 
Gate 1 


Gate 2 


Drain-Source Voltage 
Gate 1-Gate 2 Voltage Voice 
Gate 2-Gate 1 Voltage , 


Gate Current 
Gate 1 


Gate 2 


a a 


Junction | Junction Operating Temperature | Temperature 


Storage Temperature Range a -65 to +200 Se 


Total Device Dissipation 
@ 25 C Ambient Temperature 
Derating Factor Above 25 C 
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Motorola Special and Multiple Transistors 
M M2092 (continued) 


ELECTRICAL CHARACTERISTICS at 25°C ambient temperature unless otherwise noted) 


dilocndas | ee oe | 


Gate 2 Common to Gate 1 


Gate-Source Breakdown Voltage 


I, =10 pA, Vps = 0, Voice 


=0 
Drain-Gate Reverse Current 


Vong = 25 V, Ig =9, Vergy = 0 


Gate Reverse Current 
Ves 725, Vpg=9 Veigs =9 
Vv =0, V =0, T 


cs=29V; Vng G1G2 ane 


A 


Zero-Gate-Voltage Drain Current 
Vos =10V, Ves = 0, Vo1c2 =0 


Gate-Source Voltage 


Vos = 10 V, Veiga = 9% Ip = 300 HA 


Gate-Source Cutoff Voltage 


Vog7 10 V, I) =1 HA, Voice = 0 


Static Drain-Source ''On" Resistance 


=0, Vng=0 


Drain-Gate 1 Reverse Current 


Vog1 = 29 V: Tog = % I, =0 


V 


= 25 V, Igo =0, I, = 0, T, = 150°C 


DG1 


Gate 1-Gate 2 Reach Through Voltage 


Igigg = 10 HA, Ip = 0, 


Gate 2-Gate 1 Reach Through Voltage 


Igo = 10 HAs Ip = 0, 


Gate 1-Source Cutoff Voltage 


Vg = 10 V, Ip = 1 OnA, Von, = 0 


Gate 2-Source Cutoff Voltage 


Vog = 10V, Ip = 1.0HA, Voi, = 0 


G1S 


Motorola Special and Multiple Transistors: 


MM2092 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


SMALL SIGNAL COMMON-SOURCE CHARACTERISTICS 


Magnitude of Forward Transfer Admittance 


Vng=10V, V =V 


Tagg = 0 f= 1 ke 


DS G1S 
Gate 2 Common to Source 
Gate 2 Common to Gate 1 


Reverse Transfer Capacitance 


Vv 


ps = 10, V 


G1S G2s 


Gate 2 Common to Source 
Gate 2 Common to Gate 1 


=V = 0, f= 1 ke 


Input Capacitance 


Vre = 10V, V 


DS Gis * Ygas = % f= 1 ke 


Gate 2 Common to Source 
Gate 2 Common to Gate 1 


Magnitude of Output Admittance 


Ving = 10 V, Vase = Vege = 0. f= 1 ke 


DS G1S G2s 


Gate 2 Common to Gate 1 


TYPICAL PERFORMANCE 
@ 100mce (Vos = 10V, Ve io = O, Gi = Signal Rate, G2 Grounded) 


Characteristic }symtor Typical Performance | unt | 
Forward Transfer Admittance | Mg 1300 + j 400 
Input Admittance 200 + j 800 


Output Admittance 125 + j 1600 


R888 OE 


Rj, 7 5-0 kQ, Rog = 8.0 kQ 


22 
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SPECIAL PURPOSE SILICON DIODES 


Including: 


VARACTOR DIODES 

VOLTAGE-VARIABLE 
CAPACITANCE DIODES 

4-LAYER DIODES 

RF SWITCHING DIODE 


Devices included in this section: 


1N4386 M4L2054 MV 1870 MV 1877 


1N4387 MV1808 MV 1871 MV 1878 
1N4388 MV 1864 MV 1872 MV 1892 
M4L2052 MV 1866 MV 1874 
M41L2053 MV 1868 MV 1876 
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e For case outline dimensions, see page 1-26. 
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SILICON POWER VARACTOR DIODES 


Motorola power varactors are designed for use as frequency multiplier out- 
put stages in RF transmitters requiring higher power VHF/UHF output than 
currently available with high-frequency power transistors. 


Motorola power varactors are fabricated by the formation of a deep-diffused 
silicon junction with a unique impurity profile. The significance of this im- 
purity profile is the enhancement of nonlinearities due to the fast recovery of 
stored minority carriers after a forward voltage surge. Dependence upon this 
nonlinearity, rather than on capacity variation with reverse voltage, results in 
higher efficiency at high-power levels and considerably less distortion of am- 
plitude modulated signals. 


For a discussion of Varactor Applications, see page 12-40 


SILICON VOLTAGE-VARIABLE CAPACITANCE DIODES 


Motorola 'EPICAP" voltage-variable capacitance diodes are designed for 
electronic tuning and harmonic generation applications. The abrupt junction 
design provides a large variation in capacitance for a changein appliedreverse 
bias. 


PARAMETER TEST METHODS 


1. Ls, SERIES INDUCTANCE 5. foo, CUTOFF FREQUENCY 

A. PILL / PILL-PRONG PACKAGE . fco is calculated using the equation fco = Qf. 
Series inductance is calculated. 

B. GLASS PACKAGE 


Ls is measured on a shorted package at 250 mc using an 
impedance bridge (Boonton Radio Model 250A Rx Meter). 6. a, DIODE CAPACITANCE REVERSE VOLTAGE SLOPE 


L = lead length. The diode capacitance, Cr (as measured at Vz = 4 Vdc, 
f = 1 mc) is compared to Cr (as measured at Vz = 60 Vdc, 
2. Cc, CASE CAPACITANCE = 1 mc) by the following equation which defines a. 
Cec is measured on an open package at 1 mc using a capaci- a — 108 Cr(4) — log Cr(60 


tance bridge (Boonton Electronics Model 75A). > log 60 — log 4 
Note that a Cr versus V, law is assumed as shown in the follow- 
ing equation where Cc is included. 
3. C,, DIODE CAPACITANCE c= 
(Cr = Ce + C,). Cr is measured at 1 mc using a capacitance — 
bridge (Boonton Electronics Model 33AS3). a is not the same as 7. 


K 
Va 


4. Rs, SERIES RESISTANCE and Q, FIGURE OF MERIT ‘ 
R; and Q are calculated by taking the G and C readings of an 7. TC, DIODE CAPACITANCE TEMPERATURE COEFFICIENT 


admittance bridge at the specified frequency and substituting TCc is guaranteed by comparing C; at Ve = 4 Vdc, f = 1 me, 
in the following equations: T, = —65°C with C; at Ve = 4 Vde, f = 1 me, Ta = +85°C in 
R; = —& Q= 2xfC the following equation which defines TCc: 
(2xf)?C’ G TCc = Cr(+85°C) — Cr(—65°C) |, __10* 
(Boonton Electronics Model 33AS8). 85 + 65 Cr(25°C) 
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EPICAP® VOLTAGE VARIABLE CAPACITANCE DIODE DEVICE CONSIDERATIONS 


A. EPICAP NETWORK PRESENTATION 


The equivalent circuit in Figure 7 shows the voltage capaci- 
tance and parasitic elements of an EPICAP diode. For design 
pope at all but very high and very low frequencies, Ls, Ry, 
and Ce can be negtected. The simplified equivatent circuit of 
Figure g represents the diode under these conditions. 


Definitions: 

C, — Voltage Variable Junction Capacitance 

R; — Series Resistance (semiconductor bulk, contact, 
and lead resistance) 

Ce — Case Capacitance 

L; — Series Inductance 

R, — Voltage Variable Junction Resistance (negligible 
above 100 kc) 


FIGURE 7 


B. EPICAP CAPACITANCE VS REVERSE BIAS VOLTAGE 


The most important design characteristic of an EPICAP 
diode is the C; versus V, variation as shown in equations 1 and 
2. Since the designer is primarily interested in the slope of C; 
versus Ve, the Cc, Co, ¢, and ¥ characteristics have been en- 
compassed by the simplified equation 3. Min/max limits on 
| (as defined in Note 1) guarantee device Cr over the specified 

a range. 


C. EPICAP CAPACITANCE VS FREQUENCY 


Variations in EPICAP effective capacitance, as a function of 
operating frequency, can be derived from a simplified equiv- 
alent circuit similar to that of Figure 1, but neglecting R; and 
R,. The admittance expression for such a circuit is given in 
equation 4. Examination of equation 4 yields the following 
information: 

At low frequencies, C.. ~ Cs; at very high frequencies 
(f = 00) Coq = Ce. 

As frequency Is increased from 1 mc, C,, increases until it 
is maximum at w? = 1/LsCy; and as w? is increased from 
1/LsC, toward infinity, C., increases from a very negative 
capacitance (inductance) toward C.q= Cc, a positive 
capacitance. 

Very simple catculations for C., at higher frequencies indi- 
cate the problems encountered when capacity measurements 
are made above 1 me. As w approaches wo = 1/V/LsC;, small 
variations in Ls cause extreme variations in measured dicde 
capacitance. 


D. EPICAP FIGURE GF MERIT (0) AND CUTOFF FREQUENCY (f..) 


The efficiency of EPICAP response to an input frequency is 
related to the Figure of Merit of the device as defined in equa- 
tion 5. For very low frequencies, equation 6 applies whereas 
at high frequencies, where R, can be neglected, equation 5 
may be rewritten into the familiar form of equation 7. 

Another useful parameter for EPICAP devices Is the cutoff 
frequency (f..). This is merely that frequency at which Q is 
equal to 1. Equation 8 gives this relationship. 


E. HARMONIC GENERATION USING EPICAPS 


Efficient harmonic generation is possible with Motorola 
Epicaps because of their high cutoff frequency and break- 
down voitage. Since Epicap junction capacitance varies 
inversely with the square root of the breakdown voltage, har- 
monic generator performance can be accurately predicted 
from various idealized models. Equation 9 gives the level of 
maximum input power for the se and equation 10 gives 
the relationships governing Epicap circuit efficiency. In these 
equations, adequate heat sinking has been assumed. 
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FIGURE 8 
C Rs 
Cr= Co+Cy (1) 
Cr = Ce-+ —Se (2) 
(1+ = 
C.= CpatVa = 0 Va = Reverse Bias 
¢@ = Contact Potential, ¢ = 0.6 Volt Y = C, slope, 7 = 0.5 
_ K 
= = wy 
— Xseq 
Q= RS ~ 
4 wCO Ry? 
C= ERG + GARG ed 
ae | 
Qu = wRsCeq 7) 
fee = Ofna ReGw, - 
Papas = MBE tS} te (9) 
M(x2) = 0.0285; M(x3) = 0.0241; M(x4) = 0.196 
Eff-1—N ia (10) 


N(x2) = 20.8; N(x3) = 34.8; N(x4) = 62.5 
M and Nare constants. 


4-LAYER DIODES 


Motorola 4-layer diodes are forward breakover devices designed for low- 


voltage, two-terminal switching and triggering applications. 


These devices 


are recommended for logic circuit applications, as pulse generators, memory 
and relay drivers and relay replacements as wellas for alarm circuits, multi- 
vibrators, ring counters, telephone switching and SCR trigger circuits. 


4-LAYER DIODE SYMBOLS AND DEFINITIONS 


-V 


dv/dt FORWARD VOLTAGE APPLICATION RATE (V/,.sec)— The 


hear 


Ietee 


ba 


Pp 
Ta 


rate of rise of forward voltage. 


FORWARD BREAKOVER (SWITCHING) CURRENT — The value 
of anode current at the instant the device switches 
from the blocking to the “‘on” state, specified at a par- 
ticular junction temperature. 

FORWARD CURRENT — The continuous or DC value of 
forward current during the “on” state. 

PEAK FORWARD BLOCKING CURRENT — The peak anode 
current when the 4-layer diode is in the “off” state 
for a stated anode-to-cathode voltage and junction 
temperature. 

HOLDING CURRENT — That value of forward anode cur- 
rent below which the 4-layer diode switches from the 
conducting state to the forward blocking condition. 
PEAK PULSE CURRENT — The peak repetitive current 
that can flow through the device for the time dura- 
tion stated and staying within the Pp rating. 

PEAK REVERSE BLOCKING CURRENT — The peak current 
when the 4-layer diode is in the reverse blocking state 
for a stated anode-to-cathode voltage and junction 
temperature. 

STEADY STATE POWER DISSIPATION 


AMBIENT TEMPERATURE 


MECHANICAL CHARACTERISTICS 


Vicar 


Ve 


Vea 


— CATHODE 


+ ANODE 


‘ + 


t 
Ves 1 
Vien} id 


JUNCTION TEMPERATURE 
STORAGE TEMPERATURE 


TURN-ON TIME — The time interval between the 90% 
point (90% of forward blocking voltage) and the 
point 10% above the “‘on”’ voltage under stated 
conditions. 

TURN-OFF TIME — The time interval required for the 
device to regain control of its forward blocking char- 
acteristic after interruption of forward anode current. 


FORWARD BREAKOVER (SWITCHING) VOLTAGE — The posi- 
tive anode voltage with respect to cathode required to 
switch the device from the high impedance blocking 
state to the low-impedance “on” state, specified at a 
particular junction temperature. 

FORWARD VOLTAGE — The forward voltage across the 
device in the “on” state under stated conditions of 
current and temperature. 

FORWARD BLOCKING VOLTAGE — The anode-to-cathode 
voltage when the 4-layer diode is in the “off” state. 


Vantrep) PEAK REVERSE VOLTAGE — The maximum allowable in- 


CASE: Void free, Transfer Molded, Thermosetting Silicone Polymer. 
MAXIMUM LEAD TEMPERATURE FOR SOLDERING PURPOSES: 350°C, %6” from case for 10 seconds at 5 Ibs. tension. 
FINISH: All external surfaces are corrosion-resistant. 
POLARITY: Cathode indicated by color band. 
MOUNTING POSJTION: Any. 

HANOLING PRECAUTIONS: per MIL-S-19500. 

WEIGHT: 0.40 Grams (approximately) 


RF SWITCHING DIODE 


Silicon RF diode designed for high-power, high-frequency signal switching. 
It is specifically designed as a solid-state replacement for mechanical antenna 
and coaxial relays. 


stantaneous value of reverse voltage (repetitive or 
continuous DC) which can be applied to the device 
at a stated temperature without damage to the device. 


Motorola Varactor Diodes 


1N4386 V, = 250V 


Po = 37.5 W @ 150 Mc 
1 = 75% (fo = 150 Mc) 


Silicon varactor diode for high-power frequency mul- 
tiplication applications. 


CASE 49 
(DO-4) 


cathode connected to stud 


MAXIMUM RATINGS 


Characteristic 
Reverse Voltage 


os 
Total Device Dissipation @ T; = 75°C 
(derate 0.25 W/°C above 75°C) =. FF 
Junction Temperature ; 


TRIPLER 
TEST CIRCUIT 
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1N4386 (continued) 


POWER OUTPUT versus OUTPUT FREQUENCY 
FOR HARMONIC TRIPLING 


PS rs Te 
Piy = 40 WATTS 


ee 


= en 


Ld 


Pest, POWER OUTPUT (WATTS) 
3 


fot» OUTPUT FREQUENCY (mc) 


Q, FIGURE OF MERIT 


Motorola Varactor Diodes 


SERIES RESISTANCE AND FIGURE OF MERIT 
versus REVERSE VOLTAGE 


TTT 
LYALL TT | | feetome! | I | 


AY 
h 


>. aan 


Ry, SERIES RESISTANCE (OHMS) 


0 
140 160 180 200 
Va, REVERSE VOLTAGE (VOLTS) 


50 mc TO 150 mc TRIPLER TEST CIRCUIT 


OUTPUT 


APPLICATION NOTES 
VARACTOR CHARACTERISTICS: 


The 1N4386 is designed.for RF power inputs up to 100 
watts and for output frequencies up to 300 mc. Although 
power handling capability is stressed in device construction, 

igh-multiplication efficiency is maintained with input pow- 
ers as low as 10 watts. 

Where frequencies with input powers below 10 watts are 
to be multiplied, or where higher output frequencies are 
desired, the 1N4387 varactor diode is recommended. That 
device is designed for maximum power levels up to 40 watts 
and output frequencies up to 600 mc. (see the 1N4387 data 
sheet for device specifications. ) 

, Both the 1N4386 and 1N4387 power varactors are fab- 
ricated by the formation of a deep di silicon junction 
with a unique impurity profile. One of the significant char- 
acteristics of such a profile is enhancement of nonlinearities 
due to the sharp recovery of stored minority carriers injected 
during the forward voltage swing. This increased nonlinear- 
ity results in better efficiency retention at high power 
levels and considerably less distortion of amplitude 
modulated signals. 

Published design theory for abrupt junction varactors can 
be used for approximate calculations of diffused varactor 
impedance and power handling capability, but the engineer 
is cautioned to use the results of such calculations for per- 
formance estimates only. Functional specifications and 
circuit-determined curves are included with data sheet infor- 
mation in order to facilitate circuit design. 

The DO-4 package is well suited to varactor shunt circuits 
as the stud can be mounted to a chassis for ground and heat 
sink purposes. 


f= 150 mc 
Post = 32.5W min. 


ref ae [une [7 | ane 
ee 
Ta] 


GENERAL DESIGN CONSIDERATIONS : 


In the design of varactor harmonic multipliers, lumped 
circuit techniques are useful up to 450 me with little per- 
formance degradation provided coil and capacitor “Q” 
values of 200 to 300 are maintained. 

Above 450 mc, coaxial, stripline, or helical coil resonators 
are.srecommended. Component values are oe pene) 
critical; however, excessive inductance or insufficient cou- 
pling can cause low efficiency, and insufficient inductance or 
excessive coupling can cause poor filtering. Simple experi- 
mentation with well constructed and shielded breadboards 
is generally sufficient for circuit optimization. Note that an 
adequate tuning range must be provided to insure input 
match over normal varactor-variations, and that spurious 
signals between stages should be kept below 30 db by suit- 
able filter circuits. 

If self bias is used, bias resistor values between 68K and 
270K ohms are optimum. The higher values give more effi- 
cient operation, whereas the lower values permit more linear 
operation. Amplitude modulated si can be passed with 
relatively low distortion if Rg = 100K ohms and the varac- 
tor RF input power level is kept less than 65% of the rated 
maximum limit. 

For all multiplications other than doubling, idler circuits 
should be provided in order to optimize circuit efficiencies. 

In typical applications doubling efficiency is 5% 
greater than that for tripling and quadrupling efficiency 
5% less than that for tripling. (See data sheet curves.) 
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Motorola Varactor Diodes 


1n4387 V, = 150V 


Po = 18W @ 450 Mc 
= 60% (fo = 450 Mc) 


Silicon varactor diode for high-power frequency mul- 
tiplication applications. 


CASE 49 
(DO-4) 


MAXIMUM RATINGS 


Characteristic 
Reverse Voltage 


Total Device Dissipation @ Tc = 75°C fe 


(derate 0.2 W/°C above 75°C) 


cathode connected to stud 


Junction Temperature 


ELECTRICAL CHARACTERISTICS (Tc = i 


penance 


Reverse Breakdown | Reverse Breakdown Voltage BVR 


Series Resistance ar 
Junction Capacitance oe 


In = 10 Adc 


Figure of Merit 


Power Output 
Efficiency 


POWER OUTPUT versus OUTPUT FREQUENCY SERIES RESISTANCE AND FIGURE OF MERIT 
FOR HARMONIC TRIPLING versus REVERSE VOLTAGE 


a ft eS “worTTTITIIIITIIIIIIIIII 
dora ey maa Fan RE Gal POE er 


12 


i a (A SHEE ESE... ? 
Soo [ ae eee 8 
= 20 = ~ = itt Tt terete tt 
i] Oo 
5 = sol ttt ti i tat tt Tt tT ose 
5 15 SULT Tei t itt tt tt tit ty 2 
ex ——— = cotta TNs 2 
= aa ee ee eee 2 eee: 
& 10 Pa=towarts| 11.1 1] Ss if INA LIT TTT TE ES 
= w= 400 : a 0.4 w 
al Aer ry" 3 

ee es oe » 400." 

aaa ee eae) er 7LCE eee er 

ces Sra Sa Pay (6 oa 


0 
100 200 400 600 800 0 20 40 60 80 100 120 140 160 180 200 
fase » OUTPUT FREQUENCY (mc) Vp, REVERSE VOLTAGE (VOLTS) 
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Motorola Varactor Diodes 


1in4388 V, = 100 V 


1 = 60% (fo = 1000 Mc) 
Po = 12W @ 1000 Mc 


Silicon varactor diode for high-frequency harmonic 
generation applications. 


CASE 49 “© cathode connected to stud 
(DO-4) 


MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 


Reverse Voltage 
Forward Current 
RF Power Input 


Total Device Dissipation @ To= 15°C 
Derate above 75°C 0.10 


Junction Temperature +175 


Storage Temperature T -65 to +175 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Reverse Breakdown Voltage 


Reverse Current 


Series Resistance 


Diode Capacitance = 6 Vdc, f = 50 mc 
= 90 Vdc, f = 50 mc 


Figure of Merit = 6 Vdc, f = 50 mc 
= 90 Vdc, f = 50 mc 


TEST CIRCUIT 
(Figure 1) 
= 20 W, f,. = 500 mc 
n in 


nae = 1000 mc 


Power Output 


Efficiency 


10-9 


Motorola Varactor Diodes 


1N4388 (continued) 


POWER OUTPUT versus OUTPUT FREQUENCY 


FIGURE OF MERIT versus REVERSE VOLTAGE DOUBLING (X2) 
HHH + ert 


20 


: PUT Pee 
| < 
& = 
: E CHIE 
S 
3 : 1 
— 
: e LETT [ewe (| | [td 
Jd a a 
i CET Tr 
Ea | 
0 
100 200 300 400 500 700 1600 1200 
Va, REVERSE VOLTAGE (VOLTS) f, OUTPUT FREQUENCY (mc) 
af TRIPLING (X3) QUADRUPLING (X4) 
: 
2 
P4 
ae 
0 
100 200 300 400 =500 700 1000 1200 100 200 300 46400 «500 700 1000 1200 
f, OUTPUT FREQUENCY (mec) f, OUTPUT FREQUENCY (me) 


FIGURE 1 — HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
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Motorola Varactor Diodes 


mv 1 808A, B,C Ve =75V 


Po =7.2W @ 2Ge 
7 = 60% (fo = 2 Ge) 


cathode cathode cathode 

pill) pill 

V1808A oy A (cartridge) 
CASE 48 CASE 46 CASE 47 


Silicon varactor diodes for high-frequency harmonic generation applications. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


| Characteristics | Symbol _ 
aa 
ae 


Reverse Voltage 


Forward Current 


RF Power Input 


Total Device Dissipation @ To = 75°C 
Derate above 75°C 


Junction Temperature 
Storage Temperature 


-65 to +200 


Reverse Current 7" VR = 60 Vdc 
ve = 60 Vdc, T ae 150°C 
Series Resistance | Re | Vp = 6 Vdc, f = 50 mc 


Diode Capacitance yk = 6 Vdc, f = 50 mc 


= 70 Vdc, f = 50 me 
Figure of Merit 
Power Output DOUBLER TEST CIRCUIT 


Efficiency : =1 gc 
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Motorola Varactor Diodes 
MV1808A, B, C (continued) 


HARMONIC DOUBLER EFFICIENCY TEST CIRCUIT 
16¢ COAX CAVITY 260 COAX CAVITY 
26C 
| Zour = 502 
! 
POWER OUTPUT versus OUTPUT FREQUENCY 
DOUBLING (X2) QUADRUPLING (X4) 
i 
RE acess ed 
ee ee PS ae 
8.0 p+ [~ 
i a 
a ia aes 
ee 
0 ia ars ed 
i a A eas 
i a ee ae 
; ae a ee 
0 §00 1000 1500 2000 500 3000 =: 3500 
four, CUTPUT FREQUENCY (mc) four OUTPUT FREQUENCY (mc) 
TRIPLING (X3) 


TYPICAL CHARACTERISTICS at 25°C. 
FIGURE OF MERIT versus REVERSE VOLTAGE 


Q, FIGURE OF MERIT 


LIMITATIONS PREVENT ACCURATE 
MEASUREMENTS ABOVE Q = 1000 


a 
a 
fi 
; 
ADMITTANCE-BRIDGE EQUIPMENT 
1 


four, OUTPUT FREQUENCY (me) i 
be 0 2.0 3.0 50 7.0 10 


Vp, REVERSE VOLTAGE (Vdc) 


10-12 


Motorola Voltage-Variable Capacitance Diodes 


mv1864A C; = 6.8 pf 
Vz = 60 V 

fco = 150 Ge 

Max RF P,, = 5 W 


cathode 
Silicon voltage variable capacitance diode for elec- 
tronic tuning and harmonic generation applications. 


CASE 48 
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


react comet 
Device Dissipation @ T io 25°C 
Derate above 25°C 
Device Dissipation @ T,, = 25°C 2 W 
Derate above 25°C 13.3 mWw/°C 
Junction Temperature 


Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


0 
jas Tuna Cel 


= 
Reverse Voltage Leakage Current VR = 48 Vdc ed Bal ae 
Vp 748 Vde, T, = 75°C 10.0 
L 


Taenmomacmee Sd PET 
a 
a 
Tigatvee foi0ime | — | os 
VR = 60 Vdc, f = 100 mc 1000 1500 


Cutoff Frequency Vea = 60 Vdc, f = 100 mc | -- | 150 | -- | 


. Diode Capacitance Reverse Voltage Slope Ve = 4 Vdc, f=1 me 


Diode Capacitance Temperature Coefficient Es 


TC, Vp = 4 Vde, f=l1me 
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Motorola Voltage-Variable Capacitance Diodes 


MV1864A (continued) 


PARALLEL EQUIVALENT FIGURE OF MERIT versus FREQUENCY 


DIODE ADMITTANCE versus FREQUENCY 


RE Oe ee ee ee ee ee . ee ee 


so} — i 
i 2-7 =—ee a a ie ¥ 
: ea : 
E sobet : 5 
§== 7 
=r ae a z = 
= a 3 Fa 
3 Ge Om a 1 2 J 
5 3 : 
a 
01 a a 0 10 
10 20 50 100 200 500 
{, FREQUENCY (me) f, FREQUENCY (mc) 
DIODE CAPACITANCE versus REVERSE VOLTAGE - FIGURE OF MERIT versus REVERSE VOLTAGE 


‘CETTE 
a <a an Ce EE a ee 
aa Ee Be SS ee 


& 10 = al 
: Ss Bess a a B 
E S 
one : 
3 

We 

2 

1 2 4 6 10 20 40 60 

Vp, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 

mv 1866 Aa etd 
mv 1868 foo = 45 Ge 


mv 1871 
mv1877 


Silicon voltage variable capacitance diode for elec- 
tronic tuning and harmonic generation applications. 


CASE 51 
(DO-7) 


polarity band on cathode end 
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Motorola Voltage-Variable Capacitance Diodes 


MV1866, MV1868, MV1871, MY1877 (continued) 
MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


es 
Ee 
ee 
aa ee 


Total Device Dissipation 
at 25°C Ambient 


Above 25°C Derate 


Junction Temperature 
Storage Temperature 


Diode Capacitance 


Series Resistance 
Figure of Merit 


Figure of Merit 
Cutoff Frequency 


Diode Capacitance vs 
Reverse Voltage Slope 


Test Conditions 


R 748 Vde, T, = 75°C 


f = 250 mc, L = 1/16" 


{=1me, L ~1/16" 


3 4Vdce, f=1mc 


MV1866 
MV1868 
MV1871 
MV1877 


VR 


V., = 4 Vdc, f = 50 mc 


R 
MV1866 
MV1868 
MV1871 
MV1877 


= 4 Vdc, f = 50 me 


MV1866 
MV1868 
MV1871 
MV1877 


R = 80 Vde, f = 50 mec 
R = 80 Vde, f => 50 mc 


R= 4 Vac, f=lmec 


MV1866 
MV1868 
MV1871 
MV1877 


VR 


Diode Capacitance 
Temperature 
Coefficient 


Vp =4 Vde, f=1 me 
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Motorola Voltage-Variable Capacitance Diodes 


uv 1870 C; = 15-47 pf 
Vp = 60V 
mv 1 874 fco = 45 Ge 
mv | 878 polarity band on cathode end 
Silicon voltage variable capacitance diode for elec- 
ae tronic tuning and harmonic generation applications. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Reverse Voltage 


Forward Current 
RF Power Input 


Total Device Dissipa- 
tion @25°C Amb. 


Above 25°C Derate 
Junction Temperature 


2.67 
+175 


-65 to +200 


Storage Temperature 


Characteristic } Symbol | Test Conditions 


Reverse Breakdown Voltage Ip = 10 pAdc pe] 8 


See Figure 1 


VR 
Case Capacitance f=lmc, L=1/16" 


Diode Capacitance VR =4Vdc, f=1me 
MV1878 


MV 1878 175 
Figure of Merit | 8 | Vp = 60 Vdc, f = 50 mec 700 
Cutoff Frequency tee, VR = 60 Vdc, f =50 mc 


See Figure 1 
‘MV 1870 


MV1870 
MV1874 
MV1878 
Series Resistance Ve = 4 Vdc, f = 50 mc 
MV1870 
MV1874 


Diode Capacitance vs V, =4Vde, f=1 me 
Reverse Voltage Slope R 


MV 1874 MV 1878 
Diode Capacitance Ve = 4Vdc, f =1 mc 
Temperature Coefficient 
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Motorola Voltage-Variable Capacitance Diodes 


mv 1871 


For Specifications, see MV1866 Data Sheet 


mv 1872 / Alea} 


foo = 45 Gc 


polarity band on cathode end 


Silicon voltage variable capacitance diode for elec- 
tronic tuning and harmonic generation applications. 


CASE 51 
(DO-7) 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Reverse Voltage 


Forward Current 
RF Power Input (Note 1) 


Device Dissipation @ Ta = 25°C 
Derate above 25 C 


Device Dissipation @ Ta =25 C 
Derate above 25 C 


Junction Temperature 
Storage Temperature 


Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Series Inductance ee 
Case Capacitance | 0.2 
Diode Capacitance Vp =4 Vdc, { = 1 me | 19.8 


Series Resistance Ve = 4 Vdc, f = 50 me 


Figure of Merit Ve = 4Vdc, f =50 me 
ve = 60 Vdc, f = 50 me 


Cutoff Frequency 


Diode Capacitance Reverse Voltage Slope 
Diode Capacitance Temperature Coefficient 


Ve = 4 Vdc, f=1 me 
VR = 4Vdc, f=l1mec 


10-17 


Motorola Voltage-Variable Capacitance Diodes 


MV 1872 (continued) 


DIODE CAPACITANCE versus REVERSE VOLTAGE 10 FIGURE OF MERIT versus REVERSE VOLTAGE 


Kt] 
& 
A E 
s S 
8 2 
& 19 —t = 
a 
}— a % 
Tt {| [ N 
il Ceti err 
Vg, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 
a juattines cece fees mas FIGURE OF MERIT versus FREQUENCY 
500 T_T TTLoo p75 x 108 


Ta = 25°C 
aes = 4Vde 


Q, FIGURE OF MERIT 


Ta = 25°C 
Vp = 4 Vide 


R,(V,), REAL PART OF ADMITTANCE (amhos) 
la(¥,), DMAGINARY PART OF ADMITTANCE (urmhos) 


mv 1874 


For Specifications, see MV1870 Data Sheet 
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Motorola Voltage-Variable Capacitance Diodes 


mv 1876 C, = 33 pf 


Ve = 60 V 
fco = 45 Ge 
CASE 51 Silicon voltage variable capacitance diode for elec- 
(BO-7) tronic tuning and harmonic generation applications. 


/ polarity band on cathode end 


MAXIMUM RATINGS (Tc = 25°C unless otherwise noted) 


Characteristics 
Reverse Voltage VR 
.3 


Forward Current [Ste 
RF Power Input (Note 1) PP | 
Device Dissipation @ T A = 25°C 400 mW 
2. 67 mW/°C 
Storage Temperature -65 to +200 


Derate above 25°C 
Note 1. The RF power input rating assumes that an adaquate heat sink is provided. 


Device Dissipation @ To= 25°C 
Derate above 25°C 


ELECTRICAL CHARACTERISTICS (ta = 25°C unless otherwise noted) 


[saa | __tatns [a [| 
BV 


R In = 10 pAdc 


V. = 48 Vdc 
VR = 48 Vde, Ta =75°C 


a 
[ene Grmstnacs «dg (etme nor | a | om] 
[one Cpsincs «de | Wet ventime [mr] @ [me 
Tigstve, tome | ~ [oe 


Figure of Merit . VR = 4 Vdc, f = 50 me 200 250 
R = 80 Vde, f = 50 mc 700 900 


Reverse Breakdown Voltage 


Reverse Voltage Leakage Current 


Cutoff Frequency VR = 60 Vdc, f = 50 me 


Motorola Voltage-Variable Capacitance Diodes 
MV 1876 (continued) 


FIGURE CF MERIT versus REVERSE VOLTAGE DIODE CAPACITANCE versus REVERSE VOLTAGE 
I 


lisa) Oa 
ime. 


ni 
= 
| 


Q, FIGURE OF MERIT 
Cy, DIODE CAPACITANCE (pF) 


iT ft tT yy 
Ei 8 a 


IGE 
mie 
{tr 
a 
ii 
a 


l 2 10 20 40 60 
Va, REVERSE VOLTAGE (VOLTS) Vp, REVERSE VOLTAGE (VOLTS) 


PARALLEL EQUIVALENT 
DIODE ADMITTANCE versus FREQUENCY FIGURE OF MERIT versus FREQUENCY 


R,(Y,), REAL PART OF ADMITTANCE (.mhos) 
Q, FIGURE OF MERIT 


Ta = 25°C 
Va = 4 Vde 


im (¥,), IMAGINARY PART OF ADMITTANCE (uhos) 


cue 
B= Lp 


0 20 50 100 200 500 
f, FREQUENCY (mec) f, FREQUENCY (mc) 


For Specifications, see MV1870 Data Sheet 


Se 
mv 1878 


For Specifications, see MV1866 Data Sheet 
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Motorola RF Switching Diodes 


I; = 4 Amps 
C; = 2.5 pf 
cathode connected to stud P, w= 500 W 
CASE 49 Silicon diode for switching high-power, RF signals. 
(DO-4) Particularly well suited as a replacement for mechanical 


antenna and coaxial relays. 
MAXIMUM RETINGS (Tc = 25°C unless otherwise noted) 


RF Power Switching | 
Capability 


Total Device Dissipa- Watts 
tion at or below 
75°C Case 
Temperature 

Above 75°C Derate w/°C 
Linearly 


Characteristic Test Conditions 
Reverse Breakdown Volt. = 10 pAdc 


Series Resistance = 100 ma; f = 1 ke 
(See Note 1) 


BIAS PORT 1 

a — 
‘ 
z, BIAS ISOLATION 
E INPUT phases OUTPUT 
4 PORT eH PORT 1 
g acl MV1i893 ISOLATION = 
CAPACITORS _ Guepyp 
& PORT 2 
¢ x 
Ge 
fixe 
° 

25 50 15 100 125 150 Bins FORT: 3 

FREQUENCY - me 

OFF-PORT ISOLATION vs FREQUENCY FOR SPDT SWITCH TYPICAL RF SWITCHING CIRCUIT 


NOTE 1. Laboratory measurements show that R, at 1 kc is within 15% of R, at 50 me, 
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Motorola 4-Layer Diodes 


m4.2052 


Vem = 10-12 V 


High-Conductivity, I; _ 500 mA 
Readily Solderable Lead — 

M4L2 053 Stress Relief “Neck-Down” = a i ae 
on =a 


m4.2054 


High-Temperature 
Solder Preform 


Epitaxial Silicon Die 


7 ~  PNPN 4-layer diodes for 
Poymer ester’ Jow-voltage switching and 
triggering applications. 


CASE 59 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Peak Reverse Blocking Voltage 


M4L2052 
M4L2053 il 
M4L2054 12 


Continuous Forward Current a mA 
Steady State Power Dissipation 


Peak Pulse Current Tnulse 
(10 psec maximum pulse width) 


100 
Operating Junction Temperature. Range -65 to +100 
Storage Temperature Range -65 to +150 


Characteristic Symbol Min Typ Max Unit 


Forward Breakover (Switching) Voltage 
M4L2052 
M4L2053 
M4L2054 


Forward Breakover (Switching) Current 


Forward Blocking Current 
(Measured at 75% of V(pR)F) 


Reverse Blocking Current 
(at rated Vin, rep) 


Holding Current 


Forward On Voltage 
(Ip = 500 mAdc) 


Turn On Time 
(at rated V(BR)F’ Ih = 1 A peak) 


Turn Off Time 
(Ip = 100 mA, Vy applied = 5 V, Vp applied = 5 V, 
dv/dt = 5 V/ usec, typical Iq of units tested = 5 mA) 


*Time depends on a wide variety of circuit conditions. 
Consult manufacturer for further information. 
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Motorola 4-Layer Diodes 


M4L2052, M4L2053, M4L2054 (continued) 


12 


go TYPICAL FORWARD BREAKOVER (SWITCHING) 


ae a ee ere ee a ee ee 
ial — CURRENT versus TEMPERATURE 


TYPICAL FORWARD BREAKOVER (SWITCHING) 
VOLTAGE versus TEMPERATURE 


Iyer) , FORWARD BREAKOVER (SWITCHING) CURRENT (/2.A) 
3 


Vier) e, FORWARD BREAKOVER (SWITCHING) VOLTAGE (VOLTS) 
a 


ee ee a a ae ee ee 10|— 
; A bee AM les ake Sie ho ne em sl A oes 
a i ee ee ee od 
Fees Fa) (a ON (a a ee A 
—49 —25 0 25 50 75 100 -40 —25 0 25 50 75 100 
Ta, AMBIENT TEMPERATURE (°C) T,, AMBIENT TEMPERATURE (°C) 
FORWARD CONDUCTION CHARACTERISTICS LOW LEVEL TYPICAL HOLDING CURRENT versus TEMPERATURE 
1.0 
A 9 A 
[7 en) 7 : 
z 0 | 
: : 
: : 
= pe: 
3 
= 
z 
2 
wat T,, AMBIENT TEMPERATURE (°C) 
TYPICAL REVERSE BLOCKING VOLTAGE 
versus TEMPERATURE 
a __ OL 
08 l 1.25 15 1.75 20 _ 6 ee a Ee (ee ee 
ZB “= 1 ttstffstsf 
3 4 i ee eae ee 
ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) = a Gea Soe 
: 2s a 
a ae 
g 2 a eee 
é 7 aa a 
ae | eS aa 
z 
2 = 
aber lade Sa |i a 
jf i ea) 
a a 49 —25 0 25 50 75 100 
Be 
la eae Ta, AMBIENT TEMPERATURE (°C) 
g |_| rca A TYPICAL CAPACITANCE 
: hy a versus APPLIED FORWARD VOLTAGE 
= r 
2 4 See AC VOLTAGE . oaw 
Ly sCL LT 
= wan 500 
3 Zz 
z 5 
g z 
a = 400 
fe 
l 2 3 4 5 6 7 8 9 
Ve, INSTANTANEOUS FORWARD VOLTAGE DROP (VOLTS) APPLIED FORWARD VOLTAGE (VOLTS) 
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©@ 7 }ose. who are not now con- 
sidering the design of electronic 
equipment using integrated 
circuits are already behind 
the main flow of American 
Technology ?®* 


Now Off The Presses — the one indispensible text for 
anyone engaged in the design and applications of in- 
tegrated circuits . .. the one book that covers the entire 
technology, both practically and theoretically. 

Prepared by the engineering staff of Motorola’s 
Semiconductor Products Division, this book is based 
on the celebrated Integrated Circuits Design Course 
presented repeatedly by Motorola, at industry request, 
to the engineering personnel of leading electronic 
equipment manufacturers the world over. 

Nearly a quarter million dollars has been invested 
specifically for developing and up-dating the material 
for this book. It is not a miscellaneous collection of 
individual papers, but rather, a cohesive and well or- 
ganized treatment covering integrated circuit design 
principles from the standpoint of new circuit design 
philosophies and practical production yields. The ef- 
forts which have gone into the Motorola Integrated 
Circuits Design Course, plus the subsequent editing 
that has turned the initial material into a highly read- 
able engineering-level work, easily make Integrated 
Circuits — Design Principles and Fabrication one of 
the most authoritative and comprehensive texts ever 
published in the technical field. 


°C. Lester Hogan, Vice President, Motorola Inc. — 
Genera! Manager, Semiconductor Products Division 


For your postage paid copy, send check or pur- 
chase order in the amount of $12.50 per copy to: 
Motorola Semiconductor Products, Inc., Dept. TIC, 
Box 955, Phoenix, Arizona 85001. 
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MOTOROLA INTEGRATED CIRCUITS 


The extensive Motorola integrated circuit line includes a variety of 
digital and linear circuits. In addition to the standard integrated circuit product 
lines described on the following pages, Motorola offers a custom fabrication 
capability that is presently filling many specialized requirements. 


Motorola's integrated circuit fabrication capability includes monolithic 
construction, multi-chip techniques, and Compatible processing in which high- 
quality thin-film:components are deposited on passivated silicon wafers. 


e For devices meeting military specifications, see page 1-18. 


® For case outline dimensions, see page 1-26. 
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MOTOROLA DIGITAL INTEGRATED CIRCUITS 


Motorola Digital Integrated Circuits 


Type 
MC300 Series 


MC350 Series 


MC200 Series 


MC250 Series 


USN ME 1 Series: 


MC1111 Series 


MC908 Series 


MC 400 Series 


Logic 
MECL 


MECL 


DTL 


DTL 


DTL 


DTL 


RTL 


Description 


High-speed current-mode logic series 
operating over a temperature range of 
-55 to +125°C. 


High-speed current-mode logic series 
with an operating temperature range of 
0 to+75°C for commercial applications. 


High-speed, low-power Diode-Transis- 
tor Logic circuits operating over a tem- 
perature range of -55 to +125°C. 


High-speed, low-power Diode-Transis- 
tor Logic circuits with an operating 
temperature range of 0 to +75°C for 
commercial applications. 


High-speed Diode-Transistor Logic cir- 
cuits designed to meet MIL-M-23700/1-8 
(NAVY). 


High-speed Diode-Transistor Logic cir- 
cuits operating over the temperature 
range of -55 to +125°C. 


Milliwatt Resistor-Transistor Logic cir- 
cuits operating over the temperature 
range of -55 to +125°C. 


High-speed Transistor-Transistor Logic 
circuits operating over the temperature 
range of -55 to +125°C. 
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MECL MC3Q0 series 


MONOLITHIC SILICON 
EPITAXIAL PASSIVATED 


The MECL* series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the MEC!. series are: 


© Snsec propagation delay per logic decision 


© Virtually constant noise immunity with 
+1096 power supply variation, and tem- 
perature changes from —55° to +125°C 


© Simultaneous ‘‘OR''-'‘NOR” or “‘AND"- 
‘“‘NAND" outputs 


® High fan-in and fan-out capabilities 


The series is comprised of the following 
elements: 


MC301 — A high-speed five-input gate ele- 
ment that provides the positive logic 
“OR" function and its complement si- 
multaneously. 


MC302 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of orily one gate. 


MC303 — A half-adder that provides the 
“SUM", “CARRY”, and ‘'NOR"' func- 
tion simultaneously. 


MC304 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 


MC305 — A five-input expander for use with 
the MC302 and the MC306,7. 


MC306,7 — A high-speed expandable three- 
input gate element that provides the 
positive logic ‘‘OR’’ function and its com- 
plement simultaneously. 


MC308 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 


MC309,10,11 —A high-speed dual two- 
input gate element that provides the pos- 
itive logic ‘‘NOR"’ function. 


MC312 — Ahigh-speed dual three-input gate 
element that provides the positive logic 
‘‘NOR"” function. 


*Trademark of Motorola Inc. 


Motorola Integrated Circuits 


BASIC MECL CIRCUIT 


LOGICAL "1" = 


—0.75V 
LOGICAL “0” = 
—1.55V 


(—) INPUT © “NOR” OUTPUT 


“OR” OUTPUT 


‘ 
(+)INPUT ¢ 1 
Ves = —1.15Vde ! : 
5 Re ! 
l 
WEE ees g omer aan } 
DIFFERENTIAL EMITTER 
AMPLIFIER b FOLLOWERS 


FOR LOGICAL “1” INPUT; “NOR” OUTPUT = —1.55V 
“OR” OUTPUT = —0.75V 


FOR LOGICAL"O” INPUT; “NOR” CUTPUT = —-0.75V 
“OR” OUTPUT = ~—1.55V 


MECL — A CURRENT MODE SWITCH 


The typical MECL circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
—1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (—) input. 
If a logical “0” is applied to the (—) input, the current through 
Rs is supplied by the fixed biased transistor. A drop of 800mV 
occurs across Re. The “OR” output then is —1.55V, or one 
Vee-drop below 800 mV. Since no current flows in the (—) input 
transistor, the “NOR” output is a Va-drop below ground, or 
—0.75 volts. When a logical ‘1" level is applied to the (—) 
input, the current through Ra is switched to the (—) input 
transistor and a drop of 800mvV occurs across Re. The “OR” 
output then goes to —0.75 volts and the ‘‘NOR” output goes 
to —1.55 volts. 

A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 
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MC300 MECL series (continued) 


10 PIN TO-5 12 PIN TO-5 
(MC312G ONLY) 
CASE 71 CASE 98 


FAMILY CHARACTERISTICS 


The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 


ABSOLUTE MAXIMUM RATINGS etzs-o 


Power Supply Voltage 


Output Source Current 


Operating Temperature Range 


Storage Temperature Range 


Motorola Integrated Circuits 


14 PIN FLAT PACKAGE 
(MC312F ONLY) 


10 PIN FLAT PACKAGE 


CASE 83 CASE 72 


designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 1096-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 


SYSTEM LOGIC SPECIFICATIONS 


Dynamic logic refers to a change of 
logic states. Dynamic ‘‘0"’ is a negative 
to a high state of V1 = —0.75V with going voltage excursion and a dynamic 
respect to ground. “1"" is a positive going voltage excur- 
Positive logic is used when reference is sion. 

made to logical ‘‘O’s” or ‘‘1’s’’. Then 


VO" = =3S8Y) wpicat 


Any one of the supply nodes, Ves, Vcc, 
or Vee may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. In 


The output logic swing of 0.8V then 
varies from a low state of Vi = —1.55V 


such a case: 
Veo =O Ve =—1.15V Ve =—5.2V 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


DC CHARACTERISTICS FOR MC300 SERIES 


WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 


“0” REGION 


USING FIXED Ves of —1.15 V it 


a Bl 
= 20-4 
= ATT Ts 3 wal! 
z aeeee & 
g LE 8 i 
2 = > 
2 10 sg 
| 
0 0 
-§5 -35 -15 5 2% 4 65 «98 105 125 -55 -3 -15 5 2% 4 65 «38 105 125 
TEMPERATURE (°C) TEMPERATURE (°C) 
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Moforola Integrated Circuits 


MC300 MECL series (continued) 


vMC304 
BIAS DRIVER 


Atemperature compensating regulator intended 

for use in conjunction with the MOTOROLA MC300 
‘*MECL.” series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 

of *‘MECL”’ logic systems over a temperature 
range of —55°C to +125°C. 


ELECTRICAL CHARACTERISTICS 


Output Voltage Vee 20, Veg = -§.2 Vde 21% 


(No Load to Full Load) Tout 70 to 2.5 mAde 


Power Disatpaticn Voc ® % Veg = -5.2 Vdc 1% 


CIRCUIT SCHEMATIC CIRCUIT DESCRIPTION 


Circuit Operation: 

The divider network R,, R:, D,, D: compensates for tem- 
perature variations of the base-emitter voltages of Q,, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of —55°C to +125°C. In 
addition, compensation for power supply variations is 
achieved, since the bias output voltage is derived from the 
system supply. 

Either of the supply voltage nodes may be used as ground, 
however the ground potential of the bias driver must.coincide 
with that of the logic system. Thus, if Vcc is grounded in the 
logic system, then — 


Vee = 0; Ves = —5.2V; 
Ves = —1.15 nominal output voltage at 25°C 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


mMcCcsOo1, MCGC3OG, MC307., MC3O9S thru MC312 


LOGIC GATES 
CIRCUIT SCHEMATICS LOGIC SPECIFICATIONS 


POSITIVE LOGIC 

When'Vu is defined as a logical ‘'1’’ and V, as 
a logical ‘‘O" the “OR''/“NOR”’ function is 
performed: 


Single Gate 


MC301 5-INPUT 


F= NOR’ =A+B+C+D+E 
G="OR"=A+B+C+D+E 


moows»> 


Dual Gate 
Raa 


NEGATIVE LOGIC 

Inversely, when Vi is defined as a logical 0” 
and V, as a logical ‘1’ the “AND"’/‘‘NAND”’ 
function is performed: 


Singte Gate 


MC306/MC307* 3-INPUT 


F="NAND"=A*BeCeDeeE 
G=“AND"=A*BeCeDe FE 


mooOw> 


Dual Gate 
== 


—_——-4 


G=“NAND”=A* BoC 


AMO OwmDr 


1 —_—_—_—_—_—_——_———= 
L—H="NAND"=D-E °F 
J 


== 


MC309 OUAL “NOR” MC310 CUAL “NOR” MC311 DUAL “NOR” 


*Resistors Ro are omitted in MC307 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 


EXAMPLE: where (n) gates are to perform 
an “OR” function, one MC306 gate and 
(n-1) MC307 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 


**Pins 9 and 10 are for use in conjunction 
with the MC305 input expander to in- 
crease the fan-in capability in increments 
of five. 


MC312F DUAL “NOR” MC312G DUAL “NOR” 
4 


***To be supplied from bias-driver circuit 
MC304 for optimum temperature stability. 


NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in- 
puts they should be connected to Vg. 


Motorola Integrated Circuits 


MC300 MECL series (continued) 
LOGIC GATES (CONTINUED) 


DC ELECTRICAL CHARACTERISTICS  vec20.vu=-5.2 Voits, (ai! =1%), Vu a 1.28 Vde @ ~85°C 


Veg 3 1.15 Vde @ 425°C 
Vea & —1.00 Vde @ +125°C 


Total Unit Power Supply 
Current Drain 


All inputs open 
MC301, MC306 

MC307 

MC309, MC310, MC312 
MC311 


Input Current Vimin @ 25°C 


Fan-In 


Fan-Out 


“NOR” OUTPUT — All Types 


“NOR"' Logical ‘‘1"’ Output 
Voltage 


Each Input: 
V,_ = -1.45 Vde @ -55°C 
Vin = -1,35 Vde @ +25°C 
Vin 2 -1.30 Vde @ + 125°C 


“‘NOR"’ Logical ‘‘O’’ Output 
Voltage 


Each Input: 

Vin = -0.925 Vde @ -$5°C 
= -0.795 Vde @ +25°C 
2 -0.655 Vde @ +128°C 


‘‘NOR’’ Saturation Breakpoint 


dv (NOR) . 9 
Voltage 


daVin 


“NOR"’ Output Voltage Change 
(No load to full load) 


All inputs cpen 
No load = 0 current at pin 5 
Full load = 2.5 mAde *°5% at pin 5 


“OR" OUTPUT — Types MC301, MC306, MC307 only 


. ‘OR ” Logical ‘ i | oe Output 
Voltage 


Each Input: 
Vin ® -0.925 Vde @ -55° Cc 
Vin 2 -0.795 Vde @ +25°C 

Vin = -0.655 Vde @ +125°C 


“OR” Logical ‘‘O’’ Output 
Voltage 


Each Input: 
Vin = -1.45 Vde @ -559C 
Vin = -1.35 Vde @ +25° c 
Vin = 71-30 Vde @ +125°C 


V (OR) Between: 

-1.450 Vde and -1.050 Vde @ -55°C 
-1.380 Vdc and -0.950 Vdc @ +25°C 
-1.220 Vde and -0.820 Vdc @ + 125°C 


Transition Region Slope 


“‘OR’’ Output Voltage Change 
(No load to full load) 


No load = 0 current @ pin 1 
Full load = 2.5 mAde 5% at pin 1 
Vin = 0.925 Vde, @ -5§°C 
Vin = 0.795 Vdc, @ 425°C 
Vin = 0.655 Vde, @+ 125°C 


TYPICAL INPUT CHARACTERISTICS 


= ein = 

= yf FF = 

r= | I = 

~ 0.1 fee re th TUHEE Hate PEELS UHEE! Had: ith in 

s | 1 s 

———-—-- | Be: 3 
! 


| 


ay Ete Sepa 7 CONDUCTION 


orbhis le 


| a TRANSITION 
CUTOFF Me REGION 


REGION | 
oo 


16 14 12 1.0 0.8 0.6 


ej, (0.1 ¥/0IM) Cout (0.1 V/0IV) 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 
SWITCHING CHARACTERISTICS ve 0, va=-8.2 Votts, (ail = 1%) Vu = -1.25 Vde, Vi = -0.870 Vide, Vi = ~1.650 Vie @ -55°C 


Vis 2 —1.15 Vee, Vy = —0.750 Vie, V, 2 —1.550 Vde @ +25°C 
The stray capacitance introduced by the test jig was Via = 1.00 Vde, Va = 0.600 Vide, Vi = —2 480 Vde @ +125°C 
Cs = (n + 12) pf where n = number of fan-cuts. 


Propagation Delay 
“NOR’* Output 


“OR"’ Output 
“‘NOR’’ Output 
“OR'' Cutput 
Rise Time 
““NOR’’ Output 


“OR” Output 


Fall Time 
“NOR"’ Output 


“OR’’ Cutput 


Propagation Delay 
“NOR” Output 


“OR’’ Output 


“NOR’’ Output 


“OR"’ Output 


Rise Time 
“NOR"’ Output 
*OR’’ Output 


Fall Time 
“"NOR"’ Output 


“OR” Output 


Propagation Delay 
Either Output 


Either Output 


Rise Time 
Either Output 


Fall Time 
Either Output 


Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-In > 1, Fan-Out 
Fan-In 2 1, Fan-Out 


Fan-In = 1, Fan-Out 
Fan-In * 1, Fan-Qut 


Fan-In > 1, Fan-Out 


Fan-In = 1, Fan-Out 


Fan-In 2 1, Fan-Out 


Fan-In 


1, Fan-Out 21 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-ln = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 


Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out 
Fan-In = 1, Fan-Out,s 


Fan-In = 1, Fan-Out 2 


Fan-In i, Fan-Out 


Fan-In 1, Fan-Out 


Fan-In * 1, Fan-Qut = 1 
Fan-In = 1, Fan-Out = 10 


Fan-In = 1, Fan-Out = 1 
Fan-In = 1, Fan-Out = 10 
Fan-In = 1, Fan-Qut = 1 


Fan-In = 1, Fan-Out = 1 


- 
om Aan 


ee 


- 
D - s oe 
ao ao oo oo 


> b> oan 


es 
a oo 


Oo 
= 


& Se 


oe 
NO © 
oom oo SOM O@ 


[ed 


SWITCHING TIME TEST CIRCUIT PROPAGATION DELAY RISE AND FALL TIME 
2N709 oe. “St 
os F YO TEKTRONIX = & 0% 
500 OR EQUIVALENT we 10% 


0 —5.2¥ C306 
pa i 


INPUT PULSE t, AND t, <= 6 nsec 7-4 / 


tar 
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tr t 


The fan-in is obtained with MC305 
input expanders, with all but the 
driven input connected to - 1.550 V. 
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MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


“OR” QUTPUT “NOR” OUTPUT 
MC301 


ty:, PROPAGATION DELAY (nsec) 
ty:, PROPAGATION DELAY (nsec) 


tus, PROPAGATION DELAY (nsec) 
t,, RISE TIME (nsec) tap, PROPAGATION DELAY (nsec) 


t,, RISE TIME (nsec) 


ty, FALL TIME (nsec) 
ty, FALL TIME (nsec) 


Motorola Integrated Circuits 


MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) 
“OR” OUTPUT “ “NOR” OUTPUT 
MC306, MC307, MC303 “SUM” ae wend e MC305, MC307, MC312 
+125°C 


tu 


tas , PROPAGATION DELAY (nsec) 
S 


RUN 
tay. PROPAGATION DELAY (nsec) 


nn 
o 


s 


pt et 
ND 
WET 
i] 


tuz, PROPAGATION DELAY (nsec) 
s 
taz, PROPAGATION DELAY (nsec) 


t,, RISE TIME (nsec) 
=} 
t,, RISE TIME (nsec) 


rate | | | fe 
iia 


ms 
ltl 
foaled 
mi 
a 
eae al 


ty, FALL TIME (nsec) 


mat | | | l= 
A | | | | 


ty, FALL TIME (nsec) 


WAL TT 
MA TL | 


n, FAN-CUT 


11-12 


Motorola Integrated Circuits 


MC300 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) TYPICAL SWITCHING TIME VARIATIONS 
“NOR” MC306 
MC309, MC310, MC311 
and MC303 “NOR” and “CARRY” ee 
poset cance a 
+125°C 


SUPPLY VOLTAGE VARIATION 


tgs, PROPAGATION DELAY (nsec) 


47 48 49 §0 51 52 53 54 55 56 57 


—V,., POWER SUPPLY VARIATION (VOLTS) . 


FAN-IN VARIATION 


oe ae ES 
ed ae 
Bo ae ee 

ra 


t, TIME (nsec) 


ta, PROPAGATION DELAY (nsec) 


t,, RISE TIME (nsec) 


t, TIME (nsec) 


10 15 
n, FAN-OUT 


OUTPUT WIRED “OR” FUNCTION 


ty, FALL TIME (nsec) 


2 4 6 
COMMON OUTPUT EMITTERS (MC307's) 
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MC300 MECL series (continued) 


MCcsos 
HALF-ADDER 


t,, RECOVERY TIME (nsec) 


Motorola Integrated Circuits 


® Provides the '‘SUM," ‘“‘CARRY,"’ and ‘‘'NOR"”’ Outputs 
for Use in Digital Computer Circuits over a Temperature 
Range of —55°C to +125°C. 


e Average Propagation Delay —6 nsec 


CIRCUIT SCHEMATIC 


RECOVERY CHARACTERISTICS WITH SIMULTANEOUS “0” 
ON ALL INPUTS 


PINS 7 & 9 ARE LOGICAL “0” 
PINS 8 & 10 ARE TIED TOGETHER TO 
PULSE GENERATOR GUTPUT 


50 70 200 «300 «=©—500 700 1000 


PW, os WIDTH (nsec) 


LOGIC SPECIFICATIONS 


“SUM” _ AB + AB 
“CARRY” = AB 
“NOR” = AB 


The “NOR" and “CARRY” outputs can be 


tied together to provide the “SUM” function. 

if complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical ‘‘0” Re, has two R: currents which 
saturates the Vr transistor. The ‘“‘SUM”’ out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 


SWITCHING TIMES TEST CIRCUIT 


2N709 UNIT UNDER TEST "NOR" 


i) 
F TEKTRONIX 
gEAUiVALENT 


0 —5.2¥ MC306 
-ogLS 


TO SAMPLING . 
ON K Vi. = —0.750 Vdc OSCILLOSCOPE “1 fo! 
Le © 
Oe a 
oat 
-1 40 
PROPAGATION RISE AND 
DELAY TIME FALL TIMES 
coe, ee, “CARRY” OUTPUT & 
§0 “SUM ‘Se NOR” & “CARRY”) “NOR” OUTPUT 
| oa: 80% 
50% 10% 
ts t; “SUM” t, “SUM” 
tar 2 t “NOR” & “NOR” 
WAVEFORM AT INPUT OF “SUM” OUTPUT 


GATE UNDER TEST 


(RISE TIME = 10% to $0% POINT OF POSITIVE GCING WAVEFORMS. 
FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 


HALF-ADDER (CONTINUED) 


ELECTRICAL CHARACTERISTICS vya-s2vae 21%, Vee a0 Vu a -1.25 Vee @ -55°C 


Va = 1.15 Vde @ +25°C 
Vig = —1.00 Vee @ +125°C 


DC CHARACTERISTICS 


‘NOR’ Logical says e 
Output Voltage Vin = -1.480 Vde @ -85°C 
Vin = 71.880 Vde @ +25°C 
Vin * -1.800 Vdc @ +128°C 


*“‘NOR”’ Saturation dV “NOR’’/dv;, = 0 for all test temperatures 
Breakpoint Voltage 
“NOR” Logical “O’’ Each Input: 
Output Voltage Vin = -0.925 Vde @ -55°C 
Vin = -0.785 Vee @ +25°C 
Vin = -0.688 Vde @ +125°C 


“gum” Logical any Each Input: 
Output Voltage Vin ® -0.928 Vdc @ -55°C 
Vin = ~0.795 Vde @ +25°C 
Vin = -0.655 Vdc @ +125°C 
“SUM’’ Logical “0” Each Input: 
Output Voltage Vin = -1.450 Vde @ -85°C 
= -1.380 Vde @ +25° 
vin = 1.300 Vde @ +125°C 


, Transition Region Slope Between: 
Vegum’? = -1.050 and -1.450 Vde @ -88°C 
Vegyum’? = -0.950 and -1.350 Vde @ +25°C 
Vagym? = -0.820 and -1.220 Vde @ +125°C 
“CARRY” Logical “1” Each Input: 
Output Voltage Vin = 1.450 Vde @ -559C 
Vin 2 71.350 Vde @ +25 °c 
Vin = -1.300 Vee @ +125°C 
“CARRY” Logical "0’" = 
Vin = -0.925 Vde @ -85°C 
Vin = -0.798 Vde @ +25°C 
Vin = -0.655 Vde @ +125°C 


“CARRY’’ Saturation dv “CARRY’’/dv;, = 0 for all test temperatur 
Breakdown Voltage 13m oer ue 


Total Unit Power Supply All Inputs Open 
Current 


LOADING CHARACTERISTICS 


“NOR” Output Voltage Change All Inputs open 
Between No Load and Full No toad = 0 current (pin 5) 
Load Conditions Full load = 2.5 mAde (pin 5) 


“CARRY’’ Output Voltage All inputs open 
Change Between No Load No load = 0 current (pin 6) 
and Full Load Conditions Full load = 2.5 mAde (pin 6) 


“‘SUM’’ Output Voltage Change No load = 0 current (pin 4) 
Between No Load and Full Full load = 2.5 mAde (pin 4) 
Load Conditions Input (pin 9): 

vin = -0.925 Vdc @ -55°C 
= -0.795 Vde @ +25 C 
vn = -0.655 Vde @ + 125°C 


SWITCHING CHARACTERISTICS Vin 3 -0.870 Vde, V, = -1.650 Vdc @ -55°C 
The stray capacitance introduced by the test jig was Vu & —0.750 Vde, V, = —1.550 Vde @ +25°C 
Cs = (n + 12) pf where n = number of fan-outs. Vu = —0.600 Vdc, V, = —1.450 Vde @ +125°C 


Propagation Delay Time 
“SUM’’ Output 
“NOR’’ Output 
“CARRY” Output 


See sss 


Fan-Out = 1 
Fan-Out = 1 
Fan-Out 21 


i: 
— pm ome 


Fan-Out 2 1 
Fan-Out = 1 
Fan-Out = 1 


“SUM” Output 
“NOR” Output 
“CARRY” Output 


TTT 


Hh va 
pet om pet 


Rise Time 
“SUM’’ Output », Fan-Out = 1 
“NOR’’ Output - » Fan-Out = 1 
“CARRY"’ Output Fan-Out = 1 


Fall Time 
“SUM’’ Output =1, Fan-Out = 1 
“NOR” Output Fan-Out = 1 
“CARRY” Output 7 Fan-Out 21 
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Motorola Integrated Circuits 
MC300 MECL series (continued) 


FLIP-FLOPS 


MC302 e Performs the Binary Function of ''Q”’ and “Oo” 


DC R-S FLIP-FLOP Outputs at High Speeds over a Temperature 
Range of —55°C to +125°C 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


When Vu is defined as a logical ‘*1"’ and Vi 
as a logical ‘“‘O"’, the function is as follows: 


NOTE: Any unused inputs can normally be left open-circuited. In cases where there 
may be external leakage to the unused inputs they should be connected to Veg. 


= 308 e Performs the Single Phase Binary Function of ''Q” 
J-K FLIP-FLOP and ‘‘Q"’ Outputs at High Speeds over a Temperature 
Range of —55°C to +125°C 


LOGIC SPECIFICATIONS 
CIRCUIT SCHEMATIC 


When Vn is defined as a logical ‘'1"’ and Vi 
as a logical ‘‘0"’, the function is as follows: 


Clocked JK Operation 


The J; and Ks inputs refer to logic tevels 
while the Cp input refers to dynamic logic 
swings. The Js and Ks inputs would be 
changed to a logical ‘‘1" only while the Co 
input is in a logic ‘'1"’ state. 

Set-Reset operation is the same as the 
NOTE: Any unused inputs can normally be left cpen-circuited. In cases where there MC302 
may be external! leakage to the unused inputs they should be connected to Vez. i 
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Motorola Integrated Circuits 
MC300 MECL series (continued) 


FLIP-FLOPS (conriNuED) 


ELECTRICAL CHARACTERISTICS Ve = -5.2 Vde +1%, Vee =0 


(These characteristics apply to both the MC302 R-S Flip-Flop 
and the MC308 J-K Flip-Flop) 


ee 
ie? Symbol [Trin | max | min] max | min | max | 


DC CHARACTERISTICS | 


“Q" or “Q"' Logical ‘1’’ Output | Each Input:(Set Input for Q, Reset Input for Q) 
Voltage Vin, 221.45 Vde @ -55°C 
Vin 2-1.350 Vde @ 25°C 
Vin = ~1.30 Vde @ +125°C 


“Q" or "Q’’ Logical ‘0’ Output | Each Input:(Set Input for Q, Reset Input for @) 
Voltage Vin * -1.45 Vde @ -55°C 
Vin 7 71.350 Vde @ 25°C 
Vin 2 +1.30 Vde @ +125°C 


“Q" or 'Q"' Saturation dV 'Q''/dVin = 0; dV "O'/aVv, 20 
Breakpoint Voltage 


“Q" or “Q” Latch Voltage aV}/dVi, = © 


Total Power Supply Current All Inputs Open 
Drain (MC302) 


Total Power Supply Current All Inputs Open 
Drain (MC308) 


LOADING CHARACTERISTICS 


“Q"’ Output Voltage Change All Inputs Open, measured between no load 
and full load 
No load - 0 current (pin 5) 
Full load = 2.5 mAde t 8% (pin 5) 
Vin (pin 8) = -0.925 Vde @ -85°C 
Vin (pin 6) = -0.795 Vde @ 25°C 
Vin (pin 6) = -0.655 Vde @ +125°C 


*Q"* Output Voltage Change All Inputs Open, measured between no load and full 
load. Vin at pin 10 for MC302, pin 1 for MC308 
No load - 0 current (pin, 4) 
Full load = 2.5 mAde - 5% (pin 4) 
Vin = -0.925 Vde @ -58°C 
Vin = -0.795 Vde @ 25°C 
Vin = -0.655 Vde @ +125°C 


Output Voltage at Max Ln Set ‘‘Q’’ to upper state: mn 
Vin (pin 6) = -0.925 Vde @ -55°C 
Vin (pin 6) = -0.795 Vdc @ 25°C 
Vin (pin 6) = -0, 655 Vdc @ +128°C 

Remove Vin. Then Input = 

160 zAde 21% -55°C 
100 pAde *1%@ 25°C 
90 pAde °1%G@ +125°C 


Pin 4 (“"Q”’) 
Pin 5 (**Q”) 
Pin 4 (**Q’’) 
Pin 5 (""°Q’’) 


TRANSFER CHARACTERISTICS 


—1.350V Cun 


UNIT 
UNDER 
G TEST 


*FOR ''Q" TESTS REVERSE “'S” & “R” CONNECTIONS 
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Motorola Integrated Circuits 


MC300 MECL series (continued) 
FLIP-FLOPS (CONTINUED) 
MC302 


SWITCHING CHARACTERISTICS Ve = ©. Va = -5.2 Votts, (ail =1%), Vu = -0.870 Vde, Vi = ~1.650 Vde @ —55°C 
Vy = -0.750 Vde, V; 2 —1.550 Vde @ +25°C 
The stray capacitance introduced by the test fig was Vu 2 —0.600 Vde, V, = —1.450 Vde @ +125°C 
C; = (n + 12) pf where n = number of fan-cuts. 


Propagation Delay Time Either Output (Fan-In 21, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING TIME TEST CIRCUIT 
Pw Pw 
100 nsec 100 nsec 
max max 
INPUT TO SET CinS 
TO TEKTRONIX 567 t, = 6 nsec --| DELAY 20 nsec min 
OR EQUIVALENT 
INPUT TO RESET Cink 
0 OUT 
MC306 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) 
st — 
$25°C meme mre - 


ty. PROPAGATION DELAY TIME (nsec) 
tus, PROPAGATION DELAY TIME (nsec) 


t,, RISE TIME (nsec) 
ty, FALL TIME (nsec) 


a, FAN-OUT n, FAN-OUT 
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— Motorola Integrated Circuits 
MC300 MECL series (continued) 

FLIP-FLOPS (CONTINUED) 

MC308 


SWITCHING CHARACTERISTICS Ve = 0. Va = 5.2 Voits, (ait =1%), Vi 2 ~0.870 Vide. V. = ~1.650 de @ -55°C 


The stray capacitance introduced by the test jig was Vu = —0.600 Vde, V, = —1.450 Vde @ +125°C 
C, = (n + 12) pf where n = number of fan-outs. 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) 


SWITCHING WAVEFORMS SWITCHING TIME TEST CIRCUIT 


eee 


TO TEKTRONIX 567 
OR EQUIVALENT 


INPUT 


EITHER OUTPUT 


EITHER OUTPUT 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


tar, PROPAGATION DELAY TIME (nsec) 
tas, PROPAGATION DELAY TIME (nsec) 


0 5 10 15 20 25 


t,. RISE TIME (nsec) 
ts, FALL TIME (nsec) 


n, FAN-OUT n, FAN-OUT 
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Moforola Integrated Circuits 


MC300 MECL series (continued) 


MCcs3O0OS 
GATE EXPANDER 


Designed primarily for use in conjunction 
with the MOTOROLA MC306 and 

MC 307 “MECL” 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 


ELECTRICAL CHARACTERISTICS 


Base Leakage Current Veg = 2.0 Vde, Voc 2 0, 
Vpp 2 ~5.2 Vde 


Input Voltage Vop = 9.7 Vde, V. 


Boo 
Ig = -1.33 mAde 


Collector Leakage Current Voc = -2 Vde, Var = 0.3 Vde (all inputs), 


Veg 79 
SWITCHING CHARACTERISTICS (See page ) 
Propagation Delay 


Rise Time 


Fall Time 


= =82¥ -52V 


CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC306 3-INPUT GATE 


MC305 MC305 MC306 
GATE EXPANDER 3-INPUT GATE 


NOTE: Any unused inputs can normally be left cpen-circuited. in cases where 
there may be external leakage to the unused inputs they should be con- 
nected to Vez. 
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MECL mc350series 


The MECL* series of integrated logic circuits 
forms a versatile set of monolithic digital building 
blocks representing all the necessary circuitry 
for the arithmetic portion of a computer. MECL 
circuits combine extremely high speed with a 
systems-oriented design approach that permits 
implementation with the fewest possible number 
of individual devices. This represents both a cost 
saving and a potential increase in system reliabil- 
ity. The major features of the MECL series are: 


e 5Snsec propagation delay per logic decision 


e Virtually constant noise immunity with 
+1096 power supply variation, and tem- 
perature changes from O to +75°C 


e Simultaneous ‘‘OR"'-‘‘NOR"' or ‘‘AND"- 
‘‘NAND" outputs 


e High fan-in and fan-out capabilities 


MECL* integrated circuits are used in various 
combinations to provide such intermediate sys- 
tem blocks as adders, counters, shift registers, 
decoders, multivibrators, etc. They provide a 
line of monolithic computer circuits designed 
analytically and practically to meet the stringent 
demands of the most advanced computer sys- 
tems. The series is comprised of the following 
elements: 


MC351 — A high-speed five-input gate ele- 
ment that provides the positive logic 
"OR" function and its complement si- 
multaneously. 


MC352 — A DC Set-Reset flip-flop with an 
expandable input and the power dissipa- 
tion of only one gate. 


MC353 — A half-adder that provides the 
“SUM", “CARRY'"', and ‘‘'NOR" func- 
tion simultaneously. 


MC354 — A bias driver that compensates 
for changes in circuit parameters with 
temperature. 


MC355 — A five-input expander for use with 
the MC352 and the MC356,7. 


MC356,7 — A high-speed expandable three- 
input gate element that provides the 
positive logic '‘OR"’ function and its com- 
plement simultaneously. 


MC358 — A clocked J-K flip-flop for counter 
and shift register applications with DC 
Set and Reset inputs. 


MC359,60,61 — A high-speed dual two- 
input gate element that provides the pos- 
itive logic ‘‘NOR”’ function. 


MC362 —A high-speed dual three-input gate 
element that provides the positive logic 
“‘NOR’”’ function. 


Motorola Integrated Circuits 
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BASIC MECL CIRCUIT 


Vec = GND. 


LOGICAL “1° = 
~0.75V 
LOGICAL “O" = 

—1.55V 
{—)INPUT © “NOR” OUTPUT 


“OR" OUTPUT 


(+)INPUT © 
Veg = —1.15Vde 


DIFFERENTIAL 
AMPLIFIER 


FOR LOGICAL “1” INPUT; “NOR” OUTPUT = —1.55V 
“OR” OUTPUT = —0.75V 


FOR LOGICAL“O" INPUT; “NOR OUTPUT ~ —0.75¥ 
“OR” OUTPUT = —1.55V 


MECL — A CURRENT MODE SWITCH 


The typical MECL® circuit is designed with a differential 
amplifier input and emitter-follower output to restore dc levels. 
The circuit has been designed to prevent saturation of the 
input transistors, thus eliminating storage time and allowing 
for high-speed operation with non-critical transistor param- 
eters. High fan-out operation is permitted due to the low im- 
pedance emitter-follower and the high-input impedance of the 
circuit. The basic gate has both the function and its comple- 
ment available simultaneously. Since the current in the differ- 
ential amplifier is switched from one side to the other, there is 
virtually no power supply noise generated. 

The circuit operation is straight-forward. A fixed bias of 
—1.15 volts is applied to the (+) input of the differential 
amplifier and the logic signals are applied to the (—) input. 
If a logical “‘O” is applied to the (—) input, the current through 
R; is supplied by the fixed biased transistor. A drop of 800mV 
occurs across Re. The ‘‘OR” output then is —1.55V, or one 
Vu-drop below 800 mV. Since no current flows in the (—) input 
transistor, the “‘NOR’ output is a Vi-drop below ground, or 
—0.75 volts. When a logical ‘‘1’’ level is applied to the (—) 
input, the current through Re is switched to the (—) input 
transistor and a drop of SOOmvV occurs across Re. The “OR” 
output then goes to —0.75 volts and the “NOR” output goes 


to —1.55 volts. 


A bias driver is supplied to insure that the threshold point 
is always in the center of the transition region. The bias driver 
compensates for temperature changes and is designed to 
track with temperature. 


*Trademark of Motorola inc. 


MC350 MECL series (continued) 


10 PIN TO-5 12 PIN TO-5 
(MC362G ONLY) 
CASE 71 CASE 98 


FAMILY CHARACTERISTICS 


The following information applies to all devices 
of the MECL family. It is intended to provide the 
design engineer with meaningful information for 
worst-case analyses. Parameters of importance 
are guaranteed at three temperature levels: 
room, and the extremes for which the family is 


ABSOLUTE MAXIMUM RATINGS «z2s-c) 


Characteristics 


Logic Input Voltage 


Power Supply Voltage 


Output Source Current 


Operating Temperature Range 


Motorola Integrated Circuits 


14 PIN FLAT PACKAGE 
(MC362F ONLY) 


10 PIN FLAT PACKAGE 


CASE 83 CASE 72 


designed. All performance curves are based 
on distributional spreads and the minimum- 
maximum ranges can be interpreted for design 
purposes as 109-90% spreads at all points on 
the curve except for guaranteed points on the 
electrical characteristics. 


Storage Temperature Range 


eel alee of the supply nodes, Vss, Vec, 

may be used as ground; however, 
the manufacturer has found it most 
convenient to ground the Vcc node. in 


such a case: 
Vee = 0 Ves =. —1,.15V Vas =— —5.2V 


SYSTEM LOGIC SPECIFICATIONS 


The output togic swing of 0.8V then 
varies from a tow state of V. = —1.55V 
to a high state of Vu = —0.75V with 
respect to ground. 

Positive logic is used when reference is 
made to logical “0's” or ‘1's’. Then 


gn = Logey) pica 
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Dynamic logic refers to a change of 
logic states. Dynamic ‘‘0"’ is a negative 
going voltage excursion and a dynamic 
er Ss a positive going voltage excur- 
sion. 


Moforola Integrated Circuits 


MC350 MECL series (continued) 


DC CHARACTERISTICS FOR MC350 SERIES 


WORST CASE TRANSFER CHARACTERISTICS DEFINITION OF TRANSFER CHARACTERISTIC POINTS 
ej, (VOLTS) 


18 16 14 1.2 1.0 0.8 06 04 0.2 0 —1.350 Cin —0.795 


Cout (VOLTS) 


ej, (VOLTS) 


18 16 1.4 1.2 1.0 0.8 06 04 0.2 0 


Cous (VOLTS) 


Cout (VOLTS) 


ae sas Res a 
“0” FAN-OUT = 1—25 


NOISE MARGIN (m¥dc) 
NOISE MARGIN (mVdc) 
nN 
Ss 


TEMPERATURE (°C) TEMPERATURE (°C) 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


MCc35S4 
BIAS DRIVER 


A temperature compensating regulator intended 

for use in conjunction with the MOTOROLA MC350 
“‘MECL" series of INTEGRATED LOGIC 
CIRCUITS. Insures stable and reliable operation 

of ‘‘MECL” logic systems over a temperature 

range of O to +75°C. 


ELECTRICAL CHARACTERISTICS 


Fan-Out 


Ou'put Voltage Voc = 9, Veg = -5.2 Vde = 1%, 
(No Load to Full Load) Igut = 0 to 2.5 mAdc 


Power Dissipation Voc? 0, Vpg = -5.2 Vde * 1% 


CIRCUIT SCHEMATIC CIRCUIT DESCRIPTION 


Circuit Operation: 

The divider network Ri, R:, Di, D: compensates for tem- 
perature variations of the base-emitter voltages of Q,, and of 
the driven gates, producing a bias voltage for the MECL logic 
circuits that maintains a constant set of dc operating condi- 
tions over the temperature range of 0 to +75°C. In addition, 
TEST compensation for power supply variations is achieved, since 
the bias output voltage is derived from the system supply. 
Ves Either of the supply voltage nodes may be used as ground, 
REGULATED however the ground potential of the bias driver must coincide 

OUTPUT with that of the logic system. Thus, if Vee is grounded in the 
logic system, then — 


Vee = 0; Va = —5.2V; 
Ves = —1.15 nominal output voltage at 25°C 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


MC351,. MC356, MC357, MC359 thru MC3G62 
LOGIC GATES 


CIRCUIT SCHEMATICS LOGIC SPECIFICATIONS 


POSITIVE LOGIC 

When Vu is defined as a logical ‘‘1" and V, as 
a logical ‘‘0” the “OR"/“NOR" function is 
performed: 


Single Gate 


MC351 S-INPUT 


="NOR"=A4B+C+D+E 
G= "OR =A+B+C+O+E 


MmIOw> 


Qual Gate 
rea 


NEGATIVE LOGIC 

Inversely, when Vu is defined as a logical 0" 
and V, as a logical ‘1"’ the “AND /“‘NAND”’ 
function is performed: 


MC3568/MC357* 3-INPUT Singte Gate 


F= ‘NAND"=A*BeCeD-€ 
G=“AND"=A*BeCeDeE 


MIOWD> 


Dual Gate 
is 


MC359 DUAL “NOR” MC360 DUAL “NOR” MC361 DUAL “NOR” 


*Resistors Ro are omitted In MC357 cir- 
cuits to permit reduction of Power Dissi- 
pation in systems where logic operations 
are performed at circuit outputs. 


EXAMPLE: where (n) gates are to perform 
an “OR” function, one MC356 gate and 
(n-1) MC357 gates can be used to provide 
savings of Power Dissipation in (n-1) gates. 


**Pins 9 and 10 are for use in conjunction 
with the MC355 input expander to in- 
crease the fan-in capability in increments 
of five. 


***To be supplied from bias-driver circuit 
MC354 fer optimum temperature stability. 


NOTE: Any unused inputs can normally be 
left open-circuited. In cases where there 
may be external leakage to the unused in- 
puts they should be connected to Veg. 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


LOGIC GATES (conriNUED) 


DC ELECTRICAL CHARACTERISTICS: vec = 0, Vas = —5.2 Vote, (all 1%), Ves = —1.18 Vde QO°C 


Total Unit Power Supply 
Current Drain 


Input Current 
Fan-In 


Fan-Out 


Veg = 1.15 Vde @ +25°C 
Vis 3 —1.08 Vee @ +75°C 


All inputs open 
MC351, MC356 
MC357 
MC359, MC360, MC362 
MC361 


Vi min @ 25°C 


‘*NOR" OUTPUT -— All Types 


“NOR’’ Logical "O* Output 
Voltage 


“NOR’’ Logical ‘‘O’’ Output 
Voltage 


“NOR’’ Saturation Breakpoint 
Voltage 


‘‘NOR’’ Output Voltage Change 
(No load to full load) 


Each Input: 
Vin = ~1.350 Vdc 


Each Input: 
Vin = -0.850 Vde @ 0°C 
Vin = -0.795 Vde @ 25°C 
Vin = 70.725 Vde @ 75°C 


dv ‘“‘NOR’”’ 


avin, 


All inputs open 
No load = 0 current at pin 5 
Full load = 2.5 mAde * 5% at pin 5 


“OR" OUTPUT — Types MC351, MC356, MC357 only 


“OR’’ Logical ‘‘1’’ Output 
Voltage. 


“OR’’ Logical Lh @ had Output 
Voltage 


Transition Region Slope 


“OR’’ Output Voltage Change 
(No load to full load) 


TYPICAL INPUT CHARACTERISTICS 


lin (0.02 mA/DIV) 


Each Input: 
Vin 2 ~0.850 Vde @ 0°C 
Vin = ~0.795 Vde @ 25°C 
Vin, = -0.725 Vde @ 78°C 


Each Input: 
Vin ® -1.35 Vde 


V “OR’’ Between: 
-1,400 Vde and -1.00 Vde @ 0°C 
-1.350 Vde and -0.950 Vde @ 25°C 
-1.250 Vde and -0.850 Vde @ 75°C 


No load = 0 current at pin4 
Full load = 2.5 mAdc ¢ 5% at pin 4 


Vin = 70.850 Vde @ 0°C 
Vin @ -0.795 Vde @ 28°C 
Vin = -0.725 Vde @ 75°C 


TYPICAL OUTPUT CHARACTERISTICS 


wee 


I 
i 
iy 
| 
! 
j 
| 


1H PECEERESHERTE TOQD eT ER4 


ojos 
3 | 


| 


lous (0.5 mA/DIV) 


¢ -a- 


CONDUCTION 

;Qee REGION 
ey TRANSITION 
RECON 


12 10 
e;, (0.1 V/DIV) 


12 
Cour (0.1 V/DIV) 
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MC350 MECL series (continued) 
LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS : vec 5 0, Vie = — 5.2 Volts, (al) 196), Vip = 1.18 Vde, Vy = —0.790 Vde, V; = —1.640 Vdc @ 0°C 


The stray capacitance introduced by the test jig was: Vis = ~1.15 Vde, Vy = —0.750 Vde, V, = —1.550 Vde @ +25°C 
Cy = (n + 12) pf where n = number of fan-outs. Vp, = ~1.08 Vide, V,, = —0.675 Vde, V, = ~1.500 Vdc @ +75°C 


| min | max | 
MC351 (See curves page 7) 


Propagation Delay 
“‘NOR"' Output 


1, Fan-Out 
1, Fan-Out 


i? 
iy 
2 
1 
5 
non 
wou 
- 


“OR” Output 


1, Fan-Out 
1, Fan-Out 


. Fan-Out 
. Fan-Out 


“‘NOR’’ Output 


“OR’’ Output . Fan-Qut 


1, Fan-Out 


Rise Time 
‘“*NOR’’ Output 


Fan-In = 1, Fan-Out 


“OR” Output 


= 1, Fan-Out 


Fall Time 
“NOR’’ Output 
“OR’’ Output 


= 1, Fan-Out 
= 1, Fan-Out 


wou 


Propagation Delay 
“NOR’’ Output 


Fan-In = 1, Fan-Out = 1 
1, Fan-Out 


“‘OR’’ Output 1, Fan-Out 


= 1, Fan-Out 


“NOR’’ Output = 1, Fan-Our 


= 1, Fan-Out 


“OR’’ Output 


1, Fan-Out 
1, Fan-Qut = 


Rise Time 
“‘NOR’’ Output 


1, Fan-Out 


“OR’’ Output 


1, Fan-Out 


Fall Time 
‘*‘NOR’’ Output 


1, Fan-Out 


“OR"’ Output = 1, Fan-Out 


Propagation Delay 
‘“‘NOR’’ Output 


Faneln = 1, Fan-Out 
1, Fan-Out 


“‘NOR’’ Output = 1, Fan-Out 


1, Fan-Out 


Rise Time 
“NOR’’ Output 


1, Fan-Out 


Fall Time 
“‘NOR’’ Output 


1, Fan-Out 


SWITCHING TIME TEST CIRCUIT 
TO TEKTRONIX 


567 
enute UNIT UNDER TEST OR EQUIVALENT 
F 


The fan-in 1s obtained with MC355 
input expanders. with all but the 
driven input connected to 1.550 V. 


50n 
6 
MC356 
0 —5.2¥ MC356 1 iC: 
ail a 
1 --! ) 
(NPUT PULSE t, AND t, = 6 nsec > a oe ee, 6 n 

I 

| 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 


(10% to 90% distribution) 
“OR” OUTPUT +75°C “NOR” OUTPUT 
MC351 +25°C == em oa MC351 


ta. DELAY (nsec) 
tay, DELAY (nsec) 


tua, DELAY (nsec) 


ta2, DELAY (nsec) 


t,, RISE TIME (nsec) 
t,, RISE TIME (nsec) 


10 


t;, FALL TIME (nsec) 
ty, FALL TIME (nsec) 


n, FAN-OUT 
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Motorola Integrated Circuits 


MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


+75°C 


425°C ae ween a= 


a, 


tay, DELAY (nsec) 


t,, RISE TIME (nsec) ta. DELAY (nsec) ta; DELAY (nsec) 
ty2, DELAY (nsec) 


t,. RISE TIME (nsec) 


ty, FALL TIME (nsec) 
ty, FALL TIME (nsec) 


a, FAN-OUT n, FAN-OUT 
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MC350 MECL series (continued) 


LOGIC GATES (CONTINUED) 


SWITCHING CHARACTERISTICS . 


(10% to 90% distribution) TYPICAL SWITCHING TIME VARIATIONS 
“NOR” MC356 

MC359, MC360, MC361, +75°C 

and MC353 “OR” and “CARRY” fo 


SUPPLY VOLTAGE VARIATION 


t, TIME (nsec). 


70 
a 
eon? T |_| |] 14 


3 _ 30 

= # 40 

3 = 
20 


t,, RISE TIME (nsec) 
t,, TIME (nsec) 


n, FAN-OUT 
OUTPUT WIRED “OR” FUNCTION 


ty, FALL TIME (nsec) 
t, TIME (nsec) 


2 4 6 
COMMON OUTPUT EMITTERS (MC357's) 
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MC350 MECL series (continued) 


MCcs3ssSss 
HALF-ADDER 


Motorola Integrated Circuits 


¢ Provides the ‘‘SUM,” CARRY," and NOR" Outputs 
for Use in Digital Computer Circuits over a Temperature 


Range of O to +75°C. 


e Average Propagation Delay —6 nsec 


CIRCUIT SCHEMATIC 


RECOVERY CHARACTERISTICS WITH SIMULTANEOUS “0” 
ON ALL INPUTS 


14 


eM ec 
HA CT 


t,, RECOVERY TIME (nsec) 


TO PULSE GENERATOR OUTPUT 


ie 


PW, PULSE WIDTH (sec) 


LOGIC SPECIFICATIONS 


“SUM” = AB + AB 
“CARRY” = AB 
“NOR” = AB 


The “NOR” and “CARRY’’ outputs can be 


tied together to provide the “SUM” function. 

If complement inputs are not used an un- 
defined state can occur. When all inputs are 
at a logical ‘‘O" Re, has two R_ currents which 
saturates the Vis transistor. The “SUM” out- 
put goes to —2.3 Volts. The recovery time 
characteristics are shown in the curve below. 


SWITCHING TIMES TEST CIRCUIT 


es oe TEKTRONIX 
2N918 arr UNDER TEST =, NOR” se7'oR 
e = EQUIVALENT 
10 A F 
500 B 
a 2K G | G 


0 —5.2V MC356 
a ee 


ON A V,, = —0.750 Vdc 


TO SAMPLING 
OSCILLOSCOPE 


~ 


eee 


) 
? 
ay) Sateen) 
$7"-"~9--0 | 
\ . 
ee] >? 
! 


@ 
“Z_ eee 8 


PROPAGATION RISE AND 
DELAY TIME FALL TIMES 
“CARRY” OUTPUT & 
Co “SUM” ag (*NOR” & “CARRY") “NOR” OUTPUT 
| es 90% 


10% 
t “SUM” t, “SUM” 
tar = t “NOR” t “NOR” 


WAVEFORM AT (NPUT OF 
GATE UNDER TEST 


(RISE TIME = 10% to 90% POINT OF POSITIVE GOING WAVEFORMS. 
FALL TIME = 90% to 10% POINT OF NEGATIVE GOING WAVEFORMS.) 


“SUM” OUTPUT 
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MC350 MECL series (continued) 


HALF-ADDER (CONTINUED) 


ELECTRICAL CHARACTERISTICS : Vu = -5.2 Vde=1%, Voc & O Vo -1.18 Vde @ O°C 
Ves 2 -1.15 Vide @ +25°C 
Ves 3 1.08 Vde @ +75°C 


ee ee 
DC CHARACTERISTICS 


“NOR’’ Logical ‘‘1’’ Vin 2 71.850 Vde each input 
Output Voltage 


“NOR” Saturation aV “NOR” , 9 
Breakpoint Voltage av, 


“NOR” Logical “0” Each Input: 
Output Voltage Vin 2 -0.880 Vde @ 0°C 
Vin = -0.785 Vde G 28°C 
Vin = 70.725 Ve @ 78°C 


-“SUM’? Logical ‘1’ Each Input: 
Output Voltage Vin = -0.880 Vde @ 0°C 
Vin = 0.798 Vde @ 25°C 
Vin = -0.725, Vde @ 75°C 


“SUM” Logical '0”' Vin 2 71.850 Vde each inpat 
Output Voltage 
Transition Regton Slope Between; 
Vegym’ = -1.000 and -1.400 Vde @ 0°C 
Vegyum = 0,950 and -1.350 Vdc @ 25°C 
Vagym? = -0.850 and -1.250 Vde @ 78°C 


“CARRY’’ Logical ‘‘1’’ Vin 2 71.350 Vde each input 
Output Voltage 


“CARRY” Logical !‘0” Each Input: 
Output Voltage V,, = -0.880 Vde @ 0°C 
in 2 70.798 Vde @ 25°C 
Vin ® ~0.728 Vde @ 75°C 


“CARRY” Saturation aV “CARRY! 0 

Breakpoint Voltage ain 

Total Unit Power Supply All Inputs Open 
Current 


LOADING CHARACTERISTICS 


“NOR’’ Output Voltage Change All Inputs open 
Between No Load and Full No load = 0 Current (pin 5) 
Load Conditions Full load = 2,8 mAdc (pin 5) 


“CARRY” Output Voltage All Inputs open 
Change Between No Load No load = 0 current (pin 6) 
and Full Load Conditions Full load = 2.5 mAde (pin 6) 


"SUM!" Output Voltage Change | No load = 0 current (pin 4) 
Between No Load and Full Full load = 2.5 mAde (pin 4) 
Load Conditions Input (pin 9): 

V,, 2 -0.850 Vdc @ 0°C 
in 2 -0.795 Vde @ 25°C 
0, 
Vin 2 0.728 Vde @ 75°C 


SWITCHING CHARACTERISTICS Vy & —0.790 Vde, V. = ~1.640 Vde @ 0°C 


The stray capacitance introduced by the test jig was; Vu = —0.750 Vde, V, 2 —1.550 Vde @ +25°C 
C; = (n + 12) pf where n = number of fan-outs. Vu 3 —0.675 Vde, Vv, s —1.500 Vde @ +75°C 


gin rouse Fan-In = 1, Fan-Out = 1 

if) In = ‘an a 

“NOR” Output Fan-In = 1, Fan-Out = 1 
“CARRY” Output Fan-In = 1, Fan-Out = 1 


“SUM"’ Output Fan-In = 1, Fan-Out > 1 
“NOR’’ Output Fan-In = 1, Fan-Out = 1 
“CARRY”? Output Fan-In = 1, Fan-Out = 1 


Rise Time é 
“SUM” Output Fan-In = 1, Fan-Out = 1 
“NOR’’ Output Fan-In = 1, Fan-Out = 1 
“CARRY” Output Fan-In = 1, Fan-Out > 1 


Fall Time 
“SUM’’ Output Fan-In = 1, Fan-Out = 1 
“NOR’’ Output Faneln = 1, Fan-Out = 1 
“CARRY’’ Output Fan-In = 1, Fan-Out = 1 
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MC350 MECL series (continued) 


FLIP-FLOPS 


MCcs352 


DC R-S FLIP-FLOP = 
Performs the Binary Function of ‘'Q"’ and ‘‘Q"’ 
Outputs at High Speeds over a Temperature 
Range of O to +75°C. 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


When Vu is defined as a logical ‘1"’ and Vi 
as a logical ‘‘0"', the function is as follows: 


2) Yee 


NOTE: Any unused inputs can normally be left open-circuited. In cases where 
there may be externa! leakage to the unused inputs they should be con- 
nected to Ve¢. 


MCcs353s 
J-K FLIP-FLOP 


: Performs the Single Phase Binary Function of ‘'Q”’ 
and ‘‘Q"’ Outputs at High Speeds over a Temperature 
Range of 0 to +75°C. 


CIRCUIT SCHEMATIC LOGIC SPECIFICATIONS 


When Vn is defined as a logical ‘'1"" and Vi 
as a logical ‘‘0’’, the function is as follows: 


Clocked JK Operation 


The J; and Ks inputs refer to logic levels 
while the Cp input refers to dynamic logic 
swings. The Js and Ks inputs would be 
changed to a logical “1” only while the Co 
input is in a logic ‘'1”’ state. 

NOTE: Any unused inputs can normally be left open-circuited. In cases where Set-Reset operation is the same as the 


there may be external leakage to the unused inputs they should be con- MC352. 
nected to Vee. 
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MC350 MECL series (continued) 


FLIP-FLOPS (CONTINUED) 


MCs3s5S2. MC358S 


ELECTRICAL CHARACTERISTICS: Ve = =5.2 Vdc =1%, Voc #0 


ee ee eee) 
DC CHARACTERISTICS 


Q’ or “Q"* Logical “1’" Output | Each Input: 
Voltage Vin = 71.350 Vde 


“Q" or “Q"’ Logical 0" Output | Each Input: 
Voltage Vin = -1.380 Vde 


“Q” or “ge Saturation dv Q?'/4V in e 0; av “Q"'/dVin 20 
Breakpoint Voltage 


(MC352)| dV,/dVjp = © 
(MC358)| dV,/dV,_ co 


Total Power Supply Current All Inputs Open 


LOADING CHARACTERISTICS 


“Q'' Output Voltage Change All Inputs Open, measured between no load 
and full load 
Vin (pin 6) = -0.850 Vde @ o°c 
Vin (pin 6) = -0.795 Vde @ 25°C 
Vin (pin 6) = -0.725 Vde @ 75°C 
No load 2 0 current (pin 5) 
Full load = 2.5 mAde t 5% (pin 8) 


“Q"'or'Q” Latch Voltage 


“Q” Output Voltage Change All Inputs Open, measured between no load 
and Full load, Vin at pin 10 for MC352, 
pin 1 for MC$58 
Vin 7 70.850 Vde @ o°¢ 
Vin = -0,795 Vde @ 250C 
Vin a -0, 725 Vde @ 12°C 


No load - 0 current (pin 4) 
Full load = 2.5 mAde t 5% (pin 4) 


Output Voltage at Max Ij, Set ‘‘Q"’ to upper state: 
Vin ® -0.850 Vdc (pin 6)@ o°¢ 
Vin * 79.785 Vde (pin 6)@ 25°C 
. Vin 2 70.725 Vde (pin 6)@ 75°C 
Remove V,_. Then Input s 
120 wade 11% @ 0°C 5 
100 pAde 41% @ 25°C and 75°C 


Pin 4 (*Q”) 
Pin § ("Q”") 


TRANSFER CHARACTERISTICS 
—1.350V C - 
Vv, 
V, 
Cou 
Vy 


*FOR "Q” TESTS REVERSE “'S" & ‘R’ CONNECTIONS 
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MC350 MECL series (continued) 
FLIP-FLOPS (CONTINUED) 


MCcs352 


SWITCHING CHARACTERISTICS: Vee = 0, Vig = —5.2 Volts, (at) +1%), Vu = —0.790 Vide, V, 2 —1.640 Vde @ 0°C 


The stray capacitance introduced by the test jig was: Vu = —0.750 Vde, V, = —1.550 Vde @ +25°C 
Cs = (n + 12) pf where n = number of fan-outs. Vy = —0.675 Vde, Vi a —1.500 Vde @ +75°C 


ee 
| min | max | min | max | min | max_| 
4.0 . . 5 A 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out 2 1) tar . 10.0 
Either Output (Fan-In = 1, Fan-Out = 1) tag - 14.0 


Rise Time Either Output (Fan-In = 1, Fan-Out = 1) - 16.0 


Fall Time Either Output (Fan-In = 1, Fan-Out = 1) ° 16.0 


SWITCHING TIME TEST CIRCUIT SWITCHING TIME TEST PROCEDURE 
2N918 


Pw 
100 nsec 
max 


(NPUT TO SET 


TO TEKTRONIX 567 t, = 6 nsec BELAY 20 nsec mn 
OR EQUIVALENT 


INPUT TO RESET 
@ OUT 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


+75°C 


+25°C ou @ ae @ oe 


0° C came ee cee ee ae 


tay, DELAY TIME (nsec) 


ta, DELAY THE (nsec) 


t,, RISE TRAE (nsec) 


ty, FALL TIME (nsec) 


n. FAN-OUT n, FAN-OUT 
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MC350 MECL series (continued) 


FLIP-FLOPS (CONTINUED) 


mMCc35sS 


SWITCHING CHARACTERISTICS: Vee 20, Va 2 = 5.2 Votts, (all =1%), Via = -0.790 Vide, V, 2 —1.640 Vde @ 0°C 


Tha stray capacitance introduced by the test jig was: Vi 2 =0.750 Vee, V, a — 1.550 Vde @ +25°C 
Cs = (n + 12) pf where n = number of fan-outs. Vu = —0.678 Vde, V, = —1.500 Vde @ +75°C 


ee ee te ee 
Ca aa amar aT a 


Propagation Delay Time Either Output (Fan-In = 1, Fan-Out = 1) 
Either Output (Fan-In = 1, Fan-Out = 1) 


Rise Time Either Output (Fan-In > 1, Fan-Out = 1) 
Fall Time Either Output (Fan-in = 1, Fan-Out = 1) 


SWITCHING TIME TEST CIRCUIT SWITCHING WAVEFORMS 


bb sénsee, 


TO TEKTRONIX 567 
OR EQUIVALENT 


(NPUT 


EITHER OUTPUT 


EITHER OUTPUT 


SWITCHING CHARACTERISTICS 
(10% to 90% distribution) 


+75°C 


+29°> os =——— 


0°C— aw ae ae ae 


ty, DELAY TIME (nsec) 
tg, DELAY TIME (nsec) 


t,, RISE TIME (nsec) 
ty, FALL TIME (nsec) 


n, FAN-OUT n, FAN-CUT 
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MC350 MECL series (continued) 


MCcs3sss 
GATE EXPANDER 


Designed primarily for use in conjunction 
With the MOTOROLA MC356 and 
MC357 “‘MECL" 3-INPUT LOGIC 
GATES. Each expander unit increases 
the fan-in of the basic gate by five. 


ELECTRICAL CHARACTERISTICS 


a oe | 
min max min max 


Base Leakage Current Ver = -2.0 Vde. Veg 20. 
Vpp * -5.2 Vde 


Input Voltage Vop = -0.7 Vde. Vp = 0. 
"I, = -1.33 mAdc 


Collector Leakage Current Voc 7 -2 Vdc, Vee = 0.3 Vde 
(All inputs), Veg = 0 


SWITCHING CHARACTERISTICS 


Propagation Delay 


Rise Time 
Fall Time 


nm 0 
7a eee 


CIRCUIT SCHEMATIC AND INTERCONNECTION TO MC356 3-INPUT GATE 


MC355 MC355 
GATE EXPANDER 


a aS | 


Vee 


NOTE: Any unused inputs can normally be teft open-circuited. In cases where 
there may be external leakage to the unused inputs they should be con- 


nected to Vee. 
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mc 200 pt series 


LZzZ 
SUFFIX “‘F’’ DEVICES SUFFIX ‘'G’”’ DEVICES 
CASE 72 CASE 71 


(TO-5) 


Monolithic integrated Diode Transistor Logic circuits 
for low-power, high-speed applications. The MC200 
series provides a high noise immunity of 0.5 Volts 
and gperates over the temperature range of -55 to 
+125 C. 


SERIES MC200 DTL INTEGRATED CIRCUITS 


Description Propagation Men out 
(nsec) tm | fh (—55 to +125°C) 
4-Input NAND/NOR Gate 

3-Input NAND/NOR Gate 

6-Input Diode AND Gate 

3-Input Power NAND/NOR Gate 


Line Driver 20(MC201) 
15(MC209) 


Dual (2-2) Input NAND/NOR Gate +) 
Dual (3-2) Input NAND/NOR Gate 9) 
Dual (3-2) Input NAND/NOR Gate 5 
Flip-Flop 8 


Dual (3-3) Input NAND/NOR Gate 


Dual (3-3) Input NAND/NOR Gate 


Dual (3-3) Input AND Gate 


Dual-Diode Array 
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mc 20] MC200 DTL SERIES 


mc202 


4-Input and 3-Input Diode Transistor Logic NAND/ NOR Gates. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 
+8 
-8 
+6 


Forward Current 30 mA 
Operating Temperature Range ~55 to +125 °c 


Storage Temperature Range -65 to +175 6 


4-INPUT NAND/NOR GATE MC201 


6 
NAND NOR 
(“UP LEVEL = 1") = (““DOWN" LEVEL = “"1") 
A A 
— 8 B 
C E c : 
D D 
E — ABCD E = A+B+C+D 
5 
6 3-INPUT NAND/NOR GATE MC202 
4 
A NOR 
(“UP” Tee = 1") ('DOWN" LEVEL = *1") 
on: A ‘i 
B E B E 
Cc C 
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MC201, MC202 (continued) 


ELECTRICAL CHARACTERISTICS 
* (Vo = 4 Vde, Vs = 2 Vde, Vi = O, TI = 25°C unless otherwise noted) 


Characteristic 


Output Saturation Voltage 


(Ig = 10 mAdc, V 10 = 2 Vdc, 
Ty = -55 to 1255C) 


Output Breakdown Voltage BV, Vdc 
(ig = 1 uwAde,V 156 = 0) 

Output Sustaining Voltage LV3 Vdc 
(Ig = 10 mAdc, V156 = 0) 


sl Leakage Current 
(Vi = 0.7 Vde, V 8.910 
(Ve = 0.7 Vde, V g'9,10 
Ty = 125 °c) 


Input Diode Leakage Current** 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, 

T= 125°C) 


Turn-Off Current at Input ** 


(V7 thru 10 =9) 
(7 thr thry 10 = 0, Ty = -55 to +125°C) 
Vg= 


§ Vdc) 
5 Vde, 


2 Vdc, V3 
2 Vdc, V3 


Output Capacitance 
(V, = 4 Vde, Vin 725 mVrms, f= 1 me, 


unused pins grounded) 


V, thru 10 7 4 Ve, V;, = 25 mVrms, f= 1 me, 
unused pins grounded) 


Power Consumption from Power Supply 
(Output ‘‘Off’’, V7 = 0) 
(Output ‘‘On’’) 


Switching Time 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay ae 
Fan-Out 
(Ty = -55 to +125°C) 


* Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 


** Input diode at pin 10 available on MC201 only 


11-40 


Motorola Integrated Circuits 


MC201, MC202 (continued) 


he ae DELAY 
SWITCHING TIME TEST CIRCUIT TIME SWITCHING TIME TEST CIRCUIT CIRCUIT NL  _ ERSUREMENE GIRCURE.... - 1 CIRCUIT 


1/FREQ. OSC. 
AVERAGE t,, PER STAGE = 2X NO. STAGES 


OUTPUT 


7 STAGES 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
110 


PULSE 
GENERATOR 


OR 
EQUIVALENT 


TEKTRONIX 
581 
OSCILLOSCOPE 
OR 
EQUIVALENT 


mc 203 MC200 DTL SERIES 


6-Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta= 25°C) 


Characteristics 


Applied Voltage 


+8 
+8 


Forward Current 30 


Operating Temperature Range ~55 to +125 


Storage Temperature Range 


-65 to +175 


* Numerical subscripts refer to pin numbers. 
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MC203 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Characteristics Symbol Min Typ Max Unit 


. Diode Breakdown Voltage 


= 10 "Adc, Vj. =V, = 0) 


, thru 8 10 


Diode Forward Voltage 


(I, = 2 mAdc, Vo ty g = 9) 


Diode Reverse Leakage Current 
= 5 Vdc, V vi = 0) 
= 5 Vde, V Vv, =9, T 


I, thru 8 
10~ 
10 ~ 


(Ve thru 8 
(Vg thru 8 


7. 125°C) 


Input Capacitance 


= 2Vde, Vj) =V,=0, f=1me, 


V5 thru 8 10 


Vin” 25 mVrms, unused inputs grounded) 


Reverse Recovery Time 


a | = 2 mAdc, V = V 


= 0, 


Cy 3 thru 8 R 3 thru 8 10 1 


recover to 0.2 mAdc) 


Resistor Current 


(Vg =4 Vdc, V, = 0) 


‘Resistor Temperature Coefficient 


Diode Forward Conductance Change with AVF 3 thru 8 
Temperature 


* Numerical subscripts refer to pin numbers. 
Pins not specifically referenced are left electrically open. 
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Motorola Integrated Circuits 


MC203 (continued) 


CIRCUIT SCHEMATIC 


3 4 s) 6 7 8 


6-DIODE “‘AND"’ GATE 


mc 204 MC200 DTL SERIES 


3-Input Diode Transistor Logic NAND/NOR Power Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


Applied Voltage Vv +8 
-6 
+6 


Forward Current 30 


Load Current 75 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to+ 175 


* Numerical subscripts refer to pin numbers. 
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Motorola Integrated Circuits 


MC204 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vdc, V: = 0, Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(I, = § wAdc, Va = 0) 


3 7 5 Vde) 
= 0.7 Vde, V,= 5 Vde, Ty’ 


yz 125 C) 
= 1.4 Vdc, V, = 5 Vde, T, = -55°C) 


3 J 


"0" Output Current 
(Vo 8, or 9 = 1.7 Vdc, V5 = 0.6 Vdc) 


(Vag. or g= 1:3 Vde, V4 = 0.6 Vde, T, = 125°C) 


J 
= 2.0 Vdc, V, = 06 Vdc, T, = -55°C) 


(Vo 8, or 9. J 


Input Breakdown one 
a, = 10 wAdc, V 37 0) 


‘, = 10 wAde, Vy, = 0) 
a, = 10 Ade, V, = 0) 


3 


Input Leakage Current 
(V, = 5 Vdc, Veg = 0) 
(V, = § Vdc, V, = 0, Ty = 125°C) 
(Vg = 5 Vde, V, = 0) 
(V, = 5 Vdc, V, = 0, Ty = 125 C) 
(Vo = 5 Vde, V, = 0) 
(Vo = § Vdc, Va = 0, T; = 125°C) 
Input Turn-Off Current 
(Alternately, Vn, Vg, Vg= 0) 
(Alternately, V, V, V,=0, T, = -55°C to +125°C) 
7, 8, 97 J 


(Vi9 = 9) 


8 
7 
7 


Output Capacitance 
(V, = 2.0 Vdc, rt 


Input Capacitance 
(Vv. = 2.0 Vdc, Vin = 25 mVrms, f{ = 1 mc, unused pins grounded) 
ae 25 mVrms, f = 1 mc, unused pins grounded) 
; = 25 mVrms, f{ = 1 mc, unused pins grounded) 
Power Supply 
(Output "OFF", Va = 0) 
(Output ''ON"') 
Switching Times 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay (Figure 2) 


Fan-Out 


(to MC201, T; = -55°C to + 125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 
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Motorola Integrated Circuits 


MC204 (continued) 
CIRCUIT SCHEMATIC 


O 6 


A 7¢ 
D = ABC 
B 8Q 
7 03 0 
= 1 
0 5 


POWER GATE MC204 


TEKTRONIX 
110 


PULSE 
GENERATOR 
OR 
EQUIVALENT 


TEKTRONIX 
581 
OSCILLOSCOPE 
OR 
EQUIVALENT 


mc 205 — 


LINE DRIVER ee 


MAXIMUM RATINGS (Ts = 25°C) 


Applied Voltage 


Forward Current 


Load Current I 75 


Operating Temperature Range -55 to +125 


ae ee ee oe 


Storage Temperature Range -65 to +175 
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Motorola Integrated Circuits 


MC205 (continued) * (Vs = 4 Vdc, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS = Ts = 25°C unless otherwise noted) 


Output Saturation Voltage 
(I, = 40 mAdc, T, = -55°C to +125°C) 


Output Voltage, "Off'' Level 
(I, = 10 mAdc, Vp = 0.7 Vdc, Ty =z -55°C to +125°C) 


Input Breakdown Voltage 
(Ig = 10 pAdc, Vio = 0) 


(lg = 10 Adc, V, = 0) 


Input Leakage Current 

(V =5 Vde, V o 0) 
8 10 

Vio = 5 Vdc, Vg = 0) 


(Vip =5 Vde, Vg =0, T, = 125°C) 


8 J 


Turn-Off Current at Inputs 
VV. = 
VV. = 0, Ts; = -55 to+ 125°C) 
M1979) 
(Vi9 = 0, Ty = -55 to + 125°C) 


Input i pected 
(Vv g = 2 Vdc, V, = 25 mVrms, f= 1 mc, unused pins grounded) 


(Vv 10 = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


Power Consumption from Power Supply 
(Output "Off", Vs = 0) 


(Output ''On") 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


Average Propagation Delay 
(Cc L = 1000 pf) 


Fan-Out | 
(to MC201, T, = -85 to + 125°C) 


(to MC209, Ty = -55 to + 125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


1/FREQ. OSC. 
— AVERAGE t,4 PER STAGE = 3yiig stages OUTPUT 


7 STAGES 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
581 
OSCILLOSCOPE 
OR 
EQUIVALENT 


Motorola Integrated Circuits 


MC205 (continued) 


CIRCUIT SCHEMATIC 


LINE DRIVER MC205 


mc 206 MC200 DTL SERIES 


Dual (2-2) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


5 


Tp 10 


Forward Current 


Ib thru 4, 

7 thru 10 
Operating Temperature Range Ty -55 to +125 
Storage Temperature Range ; Tete | ~| -65 to+175 — 


OQ 9 
D2E 
A 3Q 
B 4Q 
(> 5 mks 
O 10 F 
c 70 
0 8U 


2-2 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC206 (continued) * (Vs = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(l, = 1 Adc, V3 = 0) 
To al pAde, Va = 0) 

"1" Output Current 
(Vv # 1,1 Vdc, V, = 5 Vde 
(V, = 0.7 Vde, Vo = 5 Vde, Ty = +125°C) 
V5 = 1,4 Vdc, V, =5 Vdc, Ty= ~55°C) 
V, = 1,1 Vde, vio = 5 Vdc) 


(V, = 0.7 Vdc, V;, = 5 Vde, T, = 125°C) 
(V7 = 1.4 Vdo, Vio 79 Vee, TS = 


"0" Output Current 
V5 = 1.7 Vdc, Vo = 0.6 Vdc) 
(v3 = 1,3 Vdc, V, = 0.6 Vdc, T, = 125°C) 
(v3 = 2.0 Vde, Vo = 0.6 Vde, 
(Vv 
(V 


J -55°C) 


J = -55°C) 
= 1.7 Vdc, V1 = 0.6 Vdc) 

7713 Vde, Vio = 0.6 Vdc, T, = 125°C) 

(Vi = 2.0 Vde, Vj5 = 0.6 Vde, Ty = -55°C) 


Input Breakdown Voltage 
(1, = 10 pwAdc, Vv, 0) 
, = 10 wAdc, V,= 0) 
(I, = 10 wAde, V5 = 0) 
(I, = 10 uAde, ve = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, .all other inputs = 0, T, = 125°C) 


Input Turn-Off Current 
(Alternately V,, V 4? Va» Ve = 0) 


(Alternately Vas Var Var Vg = 9, T, = -55 to +125 °C) 


Output Capacitance 
me = 2,0 Vdc, Ae 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vj. = 2.0 Vde, V, = 0, V,, 725 mVrms, {= 1 mc, unused pins grounded) 


et Canaciancs 
(V, = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
= 25 mVrms, f = 1 mc, unused pins grounded) 
= 25 mVrms, f = 1 mc, unused pins grounded) 
= 25 mVrms, f = 1 mc, unused pins grounded) 


Load aoe Current 


Power Consumption from Power Supply 
(Output "Off", V5 s Va = 0) 
(Output "On") 
Switching Times 
Turn-On Delay 
Turn-Off Delay 


‘Average Propagation Delay 


‘Fan-Out 
(T; = -55 to +125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically oper. 


: PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


AVERAGE t,, PER STAGE = SM as 


"7 STAGES 


SWITCHING TIME WAVE FORMS 


OUTPUT 
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Moforola Integrated Circuits 


mc 207 MC200 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 
: V2 .3,4,6 thru 10 
V5 
Forward Current 
1210 
Io thru 4, 
7 thru 10 
Operating Temperature Range Ty -55 to +125 
Storage Temperature Range T gtg -65 to +175 
CIRCUIT SCHEMATIC 
6 CS 
2 F 
A 3@Q 
B 4C 
5 = 
O10 6 
c 7Q 
ee F= AB 6= CDE A 
= 1 
E 9Q 3 — 2 NAND/NOR GATE 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


AVERAGE t,. PER STAGE = 2 Rs 


re TEKTRONIX OuTPUT 


581 
OSCILLOSCOPE! 
EQUIVALENT 


7 STAGES 


SWITCHING TIME WAVE FORMS 


PULSE 
GENERATOR 
OR 
EQUIVALENT 


‘ 
= eee) 


v1 
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Motorola Integrated Circuits 


MC207 (continued) 


ELECTRICAL CHARACTERISTICS * 
(Va = 4 Vdc, Vs = —2 Vde, Vi = 0; Tu = 25°C unless otherwise noted) 
Characteristic 


Output Breakdown Voltage 
(Ip = 1 wAde, Vg = 0) 
(I19 = 1 pAdc, V7 = 0) 


**1’’ Output Current 
(V2 = 0.7 Vde, Vo 


5 Vdc 

5 Vde, Ty = 125°C) 
(V3 = 1.4 Vdc, V2 = 5 Vde, Ty = -55°C) 
(V_ = 1.1 Vdc, Vig = 5 Vde) 

(V7 = 0.7 Vde, Vio = 5 Vde, Ty = 125°C) 
(V7 = 1.4 Vde, Vig = 5 Vde, Ty = -55°C) 


*0’’ Output Current 
(Vg = 1.7 Vde, Vo = 0. 
(V3 = 1.3 Vdc, V2 = 0.6 Vde, Ty = 125°C) 
(Vg = 2.0 Vdc, V2 = 0.6 Vdc, Ty = -55°C) 
(V7 = 1.7 Vdc, Vig = 0.6 Vdc) 
(Vz = 1.3°Vde, Vig = 0.6 Vde, Ty = 125°C) 
(V_q = 2.0 Vde, Vig = 0.6 Vde, Ty = -55°C) 


6 Vdc) 


Input Breakdown Voltage 
(ig = 10 wAdc, V4 = 0) 


(Ig = 10 pAde, V3 = 0) 
(Iq = 10 pAdc, Vg = 0) 
(Ig = 10 pAdc, Vz = 0) 
(Ig = 10 “Adc, V7 = 0) 


Co em O&O & 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, T, = 125°C) 


Input Turn-Off Current 
(Alternately V3, Va» Var Vg, Vg = 0) 
(Alternately V3, V,, V7, Vg, Vg = 0, Ty = -55 to+125°C) 


Output Capacitance 
(Vo = 2.0 Vde, V3 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vi9 = 2.0 Vde, V7 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


Input Capacitance 


(Vg = 2 Vdc, Vi, = 25 mVrms, f = 1 mc, unused pins grounded) 10 
(V4 = 2 Vdc, Vi, = 25 mVrms, f = 1 mc, unused pins grounded) 10 
(V7 = 2 Vdc, V;, = 25 mVrms, f = 1 mc, unused pins grounded) 10 
(Vg = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 10 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 10 
Power Consumption from Power Supply 
(Output “‘Off’’, V3 = Vq = 0) 17 
(Output ‘‘On’’) 12 
Switching Times (Figure 2) nsec 
Turn-On Delay _— 60 
Turn-Off Delay — | 50 


Average Propagation Delay (Figure 2} 
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mc 208 MC200 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR Gate. 


MAXIMUM RATINGS §$ (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 
V2,3,4,6 thru 10 
V5 

Forward Current 
12,10 


12 thru 4, 
7 thru 10 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


F=A8 G = CDE 
E 3 — 2 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC208 (continued) «(Ve = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Charterite oe 


Output Breakdown Voltage 
(Ig = 1 wAdc, Vg = 0) BV2 
0.6 
a 0.6 


(Ijg = 1 wAde, V7 = 0) 


Output Saturation Voltage 
(Ig = 8 mAdc, Vg = V4 = 2 Vde, Ty = -55 to +125°C) 
(Iyq = 8 mAdc, V7 = Vg = Vg = 2 Vde, Ty = -55 to+125°C) 


Output ‘‘Off’’ Voltage 
(Ip = 100 pAde, Vg = 0.7 Vdc, Ty = -55 to +125°C) 
(Ijg = 100 wAdc, V7 = 0.7 Vde, Ty = -55 to +125°C) 


Input Breakdown Voltage Vde 
(Ig = 10 pAdc, V4 = 0) 8 
(Ig = 10 pAdc, V3 = 0) 8 
(I7 = 10 wAdc, Vg = 0) 8 
(Ig = 10° pAde, V7 = 0) 8 
(Ig = 10 wAde, Vq = 0) 8 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, Ty = 125°C) 


Input Turn-Off Current 
(Alternately V3, V4, V7, Vg, Vg 
(Alternately V3, V4, V7, Vg, Vg 


0) 
0, Ty = -55 to +125°C) 


Output Capacitance 
(Vo = 2.0 Vdc, V3 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vi9 = 2.0 Vdc, V 7= 0, Vi, = 25 mVrms, f = 1 mc, unused pins grounded) 


Input Capacitance 
(V3 = 2 Vdc, vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vq = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(V7 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 

(Vg = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 

(Vg = 2 Vde, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


Power Consumption from Power Supply 
_ (Output “Off’’, V3 = Va = = 0) 
" (Output On’ ”) 


Switching Times 
Turn-On Delay 
Turn-Off Delay 


Fan-Out 
(Ty = -55 to+ 125°C) 


*Nunerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


AVERAGE t,, PER STAGE - SRE ro se 


7 STAGES 


SWITCHING TIME WAVE FORMS 


TEKTRONIX 
110 


TEKTRONIX ourPuUT 
581 

OSCILLOSCOP 
OR 

EQUIVALENT 


PULSE 
GENERATOR 
OR 
EQUIVALENT 


= be ae ee oe we ed 


ee | 


11-52 


Moforola Integrated Circuits 


mc 209 MC200 DTL SERIES 


Diode Transistor Logic Flip-Flop. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 
Vo, 3, 4, 6, 7,8, 9,10 
V5 


Forward Current 
Iz, 8 +50 
Ip, 3> 4) 7 thru 10 -30 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


20 nsec 


CLOCKED SET-RESET MODE a 


oma 


CLOCK INPUT PULSE 


POSITIVE —2¥V 


INPUT VOLTAGE TO 
PULSE IL OPE 


OSCILLOSC 
TEKTRONIX 581 
2 OR EQUIVALENT 


PULSE 
GENERATOR 
DATA PULSE 

106 OR 
EQUIVALENT 1.5V 


OUTPUT 


DIRECT SET-RESET MODE INPUT VOLTAGE TO 
OSCILLOSCOPE 
PULSE I TEKTRONIX 581 
POSITIVE OR EQUIVALENT 


QUTPUT 


PULSE 
GENERATOR 220 ¢) 
DATA PULSE 

106 OR Gc 
EQUIVALENT 220 DIRECT SET/RESET INPUT 
1.5V 
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Motorola Integrated Circuits 


MC209 (continued) 


ELECTRICAL CHARACTERISTICS 
* (Vs = 4 Vdc, Vs = 2 Vdc, Vi = 0, Ts = 25°C unless otherwise noted) 


at | BS | st | wn | te | [ome 


OUTPUT LEVEL 
“Off’’ Voltage 
(Ig = -200 pu Adc, V4 = 0.6 Vdc, Vq 

= -200 Adc, V4 = 2.0 Vdc, Va 
*On’”’ vowase 
(Ig = 16 mAdc, Vy = 2.0 Vdc, V 
(13 = 16 mAdc, Vg = 0.6 Vdc, V 


DIRECT SET-RESET INPUTS 
‘“‘Up’’ Voltage 


‘‘Down’’ Voltage 


‘“‘Up’’ Current 
(V4 = 5 Vde, Ty 
(V9 = § Vde, Ty 

“Down”? Current 


125°C) 
125°C) 


CLOCKED SET-RESET INPUTS 
“‘Down’’ Current 


SWITCHING TIME 
Clocked Set-Reset Mode 
Turn-On Delay 
Turn-Off Delay 
Direct Set-Reset Mode 
Turn-On Delay 
Turn-Off Delay 


LOW VOLTAGE = j 
*BOTH Q and @ IN 1 STATE UNTIL EITHER So OR Ro RISES 


BINARY ELEMENT MC209 
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Motorola Integrated Circuits 


mc212 MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Characteristic 


Applied Voltage 


Forward Current 


Operating Temperature Range -55 to +125 
Storage Temperature Range -65 to +175 
PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 
AVERAGE tpg PER STAGE = gehen eps oor 


ee 
7 STAGES 


0 
PULSE 
GENERATOR 


OR OR 
EQUIVALENT 
oe eee CHING TIME 
aes 
es ea 


TEKTRONIX 
581 


SWIT' WAVE FORMS 
(ae Baer) 
Crees) Oe a 
4] 


CIRCUIT SCHEMATIC 
6 © 


A 3Q 
HQ 2 G 
B 4Q 
¢ 5 g 
Boke 
O10 H 
dDB7Q =1 
E-&8 © — ae 
G = ABC H = DEF 
= 1 
F 9Q 
3 — 3 NAND/NOR GATE 
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Moforola Integrated Circuits 


MC212 (continued) 


ELECTRICAL CHARACTERISTICS * (Vs = 4 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Characteristic 


Output Breakdown Voltage 
(Ip = 1 pAdc, Vg = 0) 
(Ijg = 1 mAdc, V7 = 0) 


**1’’ Output Current 
(V3 = 1.1 Vde, Vo = 5 
(V3 = 0.7 Vde, V2 = 5 
(Vg = 1.4 Vde, V2 = 5 Vde, Ty = -55°C) 
(V7 = 1.1 Vde, Vj9 = 5 Vdc) 

(Vq7= 0.7 Vde, Vig = 5 Vde, Ty 

(V7 = 1.4 Vde, Vig = 5 


Vde 
Vde, Ty = 125°C) 


= 125°C) 
Vde, Ty = -55°C) 


‘0’? Output Current 

(V3 = 1.7 Vdc, Vo 

(V3 = 1.3 Vde, Vo 

(V3 = 2.0 Vdc, Vo = 0.6 Vde, Ty 

(V7= 1.7 Vdc, Vig = 0.6 Vde) 

= 1.3 Vdc, Vig = 0.6 Vdc, T= 125°C) 
2.0 Vde, Vig = 0.6 Vde, Ty= -55°C) 


0.6 Vdc) 
0.6 Vdc, T 


125°C) 
-55°C) 


10 pAdc, V3 = 


= 10 pAdc, V3 = 0) 
= 10 pAdc, Vg = 0) 
= 10 wAdc, Vz = 0) 


10 pAde, Va = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs = 0, Ty = 125°C) 


Input Turn-Off Current 
(Alternately V3; V4, Vs; Va, Vg, V Mi = 
(Alternately V3, V4, Vs, V7, Vg, Vg = 0, T J 7 755 to +125°C) 

Output Capacitance 
(V2 = 2.0 Vdc, Vg = 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vj9= 2.0 Vdc, V7 = 0, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 


oon 


(V7 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vg = 2 Vdc, Vin = 25 mVrms, f = 1-mc, unused pins grounded) 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 


Power Consumption from Power Supply 
(Output “‘Off’’, V3 = Vq = 0) 
(Output ‘‘On’’) 


Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay (Figure 3) 


Fan-Out : : 
(Ty = -55 to +125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


Input Capacitance 
(V3 = 2 Vde, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vq = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(V5 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 


s+ Q QO 
free] - ; 
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me2] 3 | MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 
Characteristic 


Applied Voltage 


Forward Current 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


A 30€ 


6 oO 
2 
e 
B 4Q G 


G = ABC H= CDE H 


3 — 3 NAND/NOR GATE 
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Motorola Integrated Circuits 


MC213 (continued) 
ELECTRICAL CHARACTERISTICS (Vs = 4 Vdc, Vi = 0, Ts = 25°C unless otherwise noted) 


— CCE 


Output Breakdown Voltage Vdc 
(I, = 1 pAdc, Vg = 0) BVo 8 
(yg = 1 wAdc, Vy = 0) BVio 8 


Output Saturation Voltage Vdc 
(Ig = 8 mAdc, Va = V4 = Vg = 2 Vde, Ty = -55 to +125°C) 
Io = 8 mAdc, V7 = ¥5 = Vg = 2 Vde, Ty = -55 to +125°C) 


Output ‘‘Off’’ Voltage 
(Ip = 100 pAdc, V3 = 0.7 Vde, Ty = -55 to +125°C) 
(liq = 100 pAdc, Vq = 0.7 Vde, Ty = -55 to +125°C) 


Input Breakdown Voltage 
(Ig = 10 pAdc, V4 = 0) 
0) 


(Ig = 10 pAdc, Vg = 

(Ig "= 10 pAdc, V3 = 0) 
(I7 = 10 wAdc, Vg = 0) 
(Ig = 10 pAdc, V7 = 0) 
(Ig = 10 pAdc, V7 = 0) 


Input Leakage Current 
(Diode under test at 5 Vdc, all other inputs = 0) 
(Diode under test at 5 Vdc, all other inputs =0,T, = 125°C) 


Input Turn-Off Current 
(Alternately V3, V4, V5s Va Vz, Vo 
(Alternately V3) V4, Vs, Va Vg; Vo 


0) 
0, T, = -55 to +125°C) 


Output Capacitance 
(Vo = 2.0 Vdc, Vg = 0, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vio = 2.0 Vdc, V7 = 0, Vi, = 25 mVrms, f = 1 mc, unused pins grounded) 


Input Capacitance 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(V4 = 2 Vdc, Vin = 25 mVrms, f = 1 mc, unused pins grounded) 
(V5 = 2 Vde, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vq_7 = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 
(Vg = 2 Vdc, Vj, = 25 mVrms, f = 1 mc, unused pins grounded) 


Power Consumption from Power Supply 
(Output ‘‘Off’’, Vz = Va = 0) 
(Output “On’’) 


Switching Times (Figure 2) 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay (Figure 3) 


Fan-Out 
(Ty = -55 to +125°C) 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left electrically open. 


PROPAGATION DELAY 
SWITCHING TIME TEST CIRCUIT MEASUREMENT CIRCUIT 


AVERAGE t,, PER STAGE = SES Fate 


7 STAGES 


TEKTRONIX 
110 OUTPUT 


TEKTRONIX 
$81 
OSCILLOSCOP 

OR 
EQUIVALENT 


r ------- SWITCHING TIME WAVE FORMS 


PULSE 
GENERATOR 
OR 
EQUIVALENT 
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Motorola Integrated Circuits 


mc215 MC200 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Characteristics 


Applied Voltage 


Forward Current +30 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


1O | 
“150 : 04 
e e e e e © 


7 8 9 10 2 3 
DUAL “AND” GATE 
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Motorola Integrated Circuits 
MC215 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


oe 


Diode Breakdown Voltage 
(I 2, 3, 107 10 pAdc, VarV, = 0) 


(ly gg = 10uAde, V, = V, = 0) 


Diode Forward ‘oe 
(I, = 2 mAdc, V 2, 3, 190 7, 79) 


(I, = 2 mAdc, V 7, 8, g= V, =9) 


Diode Reverse Leakage Current 
(Vo 3, 107 5 Vde, V4" v= 0) 


oO 
(Vo 3 19% 5 Vde, Vz=V, =0, T, = 125°C) 


a7" 
(V7 g 9% 5 Vde, V,=V, =0) 


m2 td ® = 0, 
(Vag, 975 Vde, V5 =V, =0, T, = 125°C) 


| Input Capacitance 


Vin = 25 mVrms, unused inputs grounded) 


Vi, 725 mVrms, unused inputs grounded) 


Reverse Recovery Time 
(Tha, 3, 107 4Re, 3, 1072 mAdc, Vy=V, =0, 
recover to 0.2 mAdc) 
(lr7, 8, 9" 'r7, 8, 9 = 2 mAdc, Ve =V, =0, 
recover to 0.2 mAdc) 


Resistor Isolation Leakage 
(Vee 5 Vde, V4= V5 = 0) 


Resistor Current 


(Ve =4Vde, V, =V, =0) 


Diode Forward Conductance Change with 
Temperature 


*Numerical subscripts refer to pin numbers. Fins not specifically referenced are left 
electrically open, 
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Motorola Integrated Circuits 


mc2i7 MC200 DTL SERIES 


Diode Transistor Logic Dual-Diode Array. 


MAXIMUM RATINGS (Ta =25°) 


Characteristics Rating 


Applied Voltage 


V 8 


2, 3, 7 thru 10 


Forward Current I 


2 thru 5, 7 thru 10 30 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


DUAL DIODE ARRAY 
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Motorola Integrated Circuits 


MC217 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Charset oan aS 


Diode Breakdown Voltage 
(Ip 3, 10° 10 pAdc, V4 | 
V 4 0.85 
0.85 


= V, = 0) 


(Iq gg = 10uAde, V5 =V, =0) 


Diode Forward yoneee 


Diode Reverse Leakage Current 
(Vo 3, 107 5 Vde, V4 = Vy = 0) 


, 2 
(Yo 3 10 4=V, 70, T, = 125°C) 
(V_ 9, 975 Vde, V5 =V, =0) 


(V 


=5 Vdc, V,=°V 


= 0, T, = 125°C) 


=V, <0, T; 


= 5 Vdc, V 


7, 8, 9 5 


Input Capacitance 


Vin® 25 mVrms, unused inputs grourded) 


(V 


7, 8, 972 Vde, Ve=V,=0, f=1 me, 


Vin? 25 mVrms, unused inputs grounded) 


Reverse Recovery Time 


(Ino 3, 107 Re, 3, 1072 MAM, Vy= Vy =%! tire 3 10 
recover to 0.2 mAdc) 
(Ip7, 8, 97 hz, 8, 972 MAC, Ve=Vi=9, | tig 3 9 


recover to 0.2 mAdc) 


Diode Forward Conductance Change with 
Temperature 


*Numerical subscripts refer to pin numbers. Pins not specifically referenced are left 
electrically open. 


11-62 


Motorola Integrated Circuits 


mc250 | DTL series 


SUFFIX ‘‘F”” DEVICES SUFFIX “‘G’’ DEVICES 
CASE 72 CASE 71 
(TO-5) 


Commercial monolithic integrated Diode Transistor 
Logic circuits for low-power, high-speed applications. 
The MC250 series operates over a temperature range 
of 0 to +75°C and provides guaranteed performance at 
295°C. 


SERIES MC250 DTL CIRCUITS 


jm | mene 


4-Input NAND/NOR Gate 


Typical 


Maximum 
Output Off 
(mW) 
10 7 


Propagation Maximum 
Delay Fan Out 
(nsec) (0 to +-75°C) 


3-Input NAND/NOR Gate 10 7 
6-Input Diode AND Gate - - - - 
3-Input Power NAND/NOR Gate 40 23 66 20 
Line Driver 50 30 65 20(MC251) 
| 15(MC259) 
Dual (2-2) Input NAND/NOR Gate 30 20 12 5 
Dual (3-2) Input NAND/NOR Gate 30 20 12 5 
Dual (3-2)Input NAND/NOR Gate 30 20 34 4 
Flip-Flop : 16 16 8 
Flip-Flop - 16 16 8 
Dual (3-3) Input NAND/NOR Gate 30 19 12 5 
4 


Dual (3-3) Input NAND/NOR Gate 30 19 33 
Dual (3-3) Input AND Gate 
Dual-Diode Array 
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Motorola Integrated Circuits 


mc251 MC250 DTL SERIES 


mc 252 


4-Input and 3-Input Diode Transistor Logic NAND/ 
NOR Gates. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Applied Voltage 


V5 


Forward Current 
Operating Temperature Range 


Storage Temperature Range 


CIRCUIT AND LOGIC DIAGRAMS 


3 


4-INPUT NAND/NOR GATE MC251 


NAND NOR 
("UP" LEVEL="1") ("DOWN" LEVEL = "1") 


A 
9 A 
B B 
, E a E 
AT D D 
BB 
E = ABCD E = AsBeC3D 
c9 
D10 
3-INPUT NAND/NOR GATE MC252 
NAND NOR 


("UP" LEVEL - "1")  ("DOWN" LEVEL - "1") 


11-64 


—-—— Motorola Integrated Circuits 


MC251, MC252 (continued) (Vs = 4 Vde, Vs = 2 Vdc, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage Vdc 
(Il, = 5uAdc, V = 0) BV 
3 5, 6,1 3 


"1" Output Current 
(Vin = 1, 0Vdc, Vz = §Vdc) 


(Vin = 0. 75Vdc, V3 = §Vdc, 


T, = 75°C) 
(V., = 1.1Vde, V3 = 5Vdc, 
Ty = 0°C) 


"0°" Output Current 
(Vy = 2,0Vdc, Vs = 0. 55Vdc, 


T; = 0 to 75°C) 


Input Breakdown Voltage* 
(Diode, under test at 5Vdc, 
All other diodes = 0) 


Vdc 
BVn 8, 9, 10 


- BEG - 


Input Leakage Current* 


(Dicde under test at 5Vdc, all 
other inputs = 0) 


(Diode under test at 5Vdc, all 
other inputs = 0, T; = 75°C) 


Input Turn-Off Current* I mAdc 
7, 8,9, 10 
(Alternately Vy Ve» Vo Vig = 0) 
(Alternately Va Ve Vo * "10 7 = 0, 
Ty = 0 to 75°C) 


Output Capacitance 
(V5 = 2. 0Vdc, Vy = 0, ve. = 25mVrms, 


f = lmc, unused pins grounded) 


Input Capacitance* 
(Vv, = 2Vdc, Vin 


f = lmc, unused pins grounded) 
Vg = 2Vdc, Vin = 25mVrms, 


f = lmc, unused pins grounded) 
(Vo = 2Vdc, Vin = 25mVrms, 


f = Imc, unused pins grounded) 
(Vig = 2Vdc, Vin = 25mVrms, 


f = Imc, unused pins grounded) 


= 25mVrms, 


Load Resistor Current 
(Vv, ° 0) 


Power Consumption from Power Supply 
(Output "Off", V, = 0) 


7° 
(Output On") 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


* Input Diode at pin 10 available on MC251 only 
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Motorola Integrated Circuits 


mc253 MC250 DTL SERIES 


6- tat Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Applied Voltage V3 thru 8 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Characteristic 


Diode Breakdown Voltage 


= 10 pAdc, V 


(l3 thru 8 10=V ,=0) 


Diode Forward Voltage 


= 2mAdc, V = 0) 


M19 3 thru 8 


; sda - 


| : Rane 


; feral | 


7 | as 


Diode Forward Conductance Change Resins Temper Soi ___ 
Temperature VE 3 thrus mv/°C 
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Diode. Reverse Leakage Current 


(v = 5Vde, V,9=V,=0) 


3 thru 8 10 


=V,=0, T ,=75°C 


(V 10-4174 Ty 


3 thru 8 ~ 5Vdc, V 


Input Capacitance 


(V4 thru 8° =2Vde, V,9=V,=0, f=1mc, 
ViqtzomVrms, unused inputs 


grounded) 


Reverse Recovery Time 


QF 3 thru 8 ~ 'R3 thru 8B eMAG 
= vy = 0, recover to 0, 2mAdc) 


Resistor Current 


oS = 4Vdc, V, = 0) 


Motorola Integrated Circuits 


MC253 (continued) 
MC253 6-DIODE “AND” GATE 
2 O—-—_—_? VIO 9 
: | 
10 
‘ 10 
6 
8 
1 
7 3 4 5 6 7 8 - 
mc 254 MC250 DTL SERIES 


3-Input Diode Transistor Logic NAND/NOR Power 
Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


MC254 POWER GATE 
AT 6 
e > Cd 
6 
D = ABC 
B8 
v 7 
3D 8 : 
, @ 9 
C9 
@ 
i 5! 11 
10 5 
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Motorola Integrated Circuits 


MC254 (continued) (Vs = 4 Vde, Vs = 2 Vde, Vi = 0, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(I, = = SuAdc, Va= 0 


"1" Output Current 
(Vag oxe= 1. 0Vdc, V3 
(Vag or 9 0.75Vdc, V 
T; = 75° C) 

(Vig arom 1.1Vdc, V 


T, = 0 C) 


= 5Vdc) 
37 5Vdc, 


3 = 5Vdc, 


"0" Output Current 
Wa 3 so" 2.0Vdc, V5 = 0.55, 


Ty = 0 to 75 C) 


Input Breakdown Voltage 
(I, = 10uAdc, Vs = 0) 
(I, = 10uAdc, Vy = Q) 
(Ip = 10uAdc, Va = 0) 


Input Leakage Current 
(VV, = 5Vdc, Ve = 0) 


(V, = Vdc, V,=0, T 
(V, = 5Vdc, V_, = 0) 
(V, = 5Vdc, V,=0, T 
(Vg = 5Vde, V, = 0) 
(Vg = 5Vde, V, = 0, Ty = 75°C) 


yrs C) 


7 15° C) 


7 


Input Turn-Off Current 


(Alternately, Vn, Vg Vgo= 0) 


(Alternately, Le Ve, V9 =9, 


T, = 0 to 75°C) 
(Vig = 9) 


Output Capacitance 
(V. = 2.0Vdc, Vine 25mVrms, 
f = lmc, unused pins grounded) 


Input Capacitance 
(Vv, = 2.0Vde, V, = 25mVrms, 


{= 1mc, unused pins grounded) 


(Ve = 2.0Vdc, Ves 25mVrms, 


f = 1mc, unused pins grounded) 
(Vo = 2.0Vdc, Vin = 25mVrms, 


{= 1mc, unused pins grounded) 


Power Supply 
(Output "OFF", Va = 0) 


(Output "'ON"') 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


ia iacchalae canes ae a 
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Motorola Integrated Circuits 


mc255 MC250 DTL SERIES 


10 


LINE DRIVER 
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Motorola Integrated Circuits 


MC255 (continued) 


(Vs = 4 Vde, Vs = 2 Vdc, Vi = O, 
ELECTRICAL CHARACTERISTICS Ts = 25°C unless otherwise noted) 


Characteristic 


Output Saturation Voltage 


(I, =. 30mAdc, Ty = 0°C to +75°C 


Output Voltage, ‘Off’ Level 
(I, = 10mAdc, V, = 0. TVdc, 


T; = 0 to 75°C) 


8 


Input Breakdown Voltage 
(I, = 10uAdc, Vio = 0) 


(1,9 = 10HAdc, Vz = 0) 


Input Leakage Current 
(V5 = 5Vdc,. Vio = 0) 
(Ve = 5Vdc, Vio =0, T 
(Vio = 5Vdc, Vg = 0) 
(Vio = 5Vdc, Vg = 0, T 


yrs C) 


y= 75°C) 


Turn-Off Current at Inputs 


(V, = 0, T, = 0 to +75°C) 


(Vi9 = 9 
Vig =0, T 


y= 0 to +75 C) 


Load Resistor 


Input Capacitance 
(V. = 2Vdc, v= 25mVrms, 
f-lmc, unused pins grounded) 
(Vio = aVde, V,, 
f=lmc, unused pins grounded) 


= 25mVrms, 


Power Consumption from Power Supply 
(Output "Off", Ve = 0) 


(Output "'On'’) 
Switching Times 

Turn-On Delay 

Turn-Off Delay 


Average Propagation Delay 
(Cc, = 1000pf) 


11-70 


Moforola Integrated Circuits 


mc 256 MC250 DTL SERIES 


Dual (2-2) Input Diode Transistor Logic NAND/NOR 


Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


Forward Current 


110 
1 thru 4, 
7 thru 10 
Operating Temperature Range 0 to 75 
Storage Temperature Range -65 to +175 
MC256 


2-2 NAND/NOR GATE 
O 6 

oR) 
O 2E 

A3 O 

B4 © 1 

c7 0 U5 
O 10E 

D8 OC 

E=AB F=CD 1 


11-71 


Motorola Integrated Circuits 


MC256 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Characteristic 


Output Breakdown Voltage 
(ly = 5uAdc, V3 = 0) 


Lo = 5uAde, V_= 0) 


"1" Output Current 
(V, = 1.0Vdc, Vo = §Vdc) 


(V, = 0.75Vde, Vp = 5Vde, 

T, = 75°C) 

(V, = 1.1Vde, V 

T, = 0°C) 

(V,, = 1.0Vde, V1, = 5Vdc) 

(V,, = 0.75Vde, V4 9 = 5Vdc, 
= 78°C) 

(V, = 1.1Vde, V 


Ty = 0°C) 


2 


9 = 5Vdc, 


107 5Vdc, 


"0" Output Current 
(V, = 2.0Vdc, Vo = 0. 55Vdc, 


T, = 0 to 75°C) 
(V, = 2.0Vde, Vj, = 0. 55Vde, 


T, = 0 to 75 Cc) 


Input BreakDown Voltage 
(I, = l0uAde, V, = 0) 


(I, = 10#Ade, V, = 0) 
(I, = 10uAdc, V, = 0) 
(I, = 10HAde, V, = 0) 


2234 
3 » © 
om © & 


Input Leakage Current 
(Diode under test at 5Vdc, all 


other inputs = 0) 
(Diode under test at 5Vdc, all 
other inputs = 0, Ty = 75° C) 


Input Turn-Off Current 
(Alternately V, V, Ve Vg = 9) 


3, 4, 7, 8 
(Alternately V3,V4,%7,%8 = 0, 
T,=0 to 75°C) 


J 


Output Capacitance 
(Vo = 2.0Vdc, V5 =0Q, Vin = 25mVrms 


f = 1mc, unused pins grounded 
(Vio = 2.0Vde, V,=0, Vi = 25mVrms, 
f= lmc, unused pins grounded) 
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Motorola Integrated Circuits 


MC256 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


Input Capacitance 
(V. = 2Vdc, Va= 25mVrms, f{ = 1mc, 


unused pins grounded) 
(Vv, = 2Vdc, Vi,> 25mVrms, f = lmc, 


unused pins grounded) 
VV, = 2Vdc, Vin= 25mVrms, f= 1me, 


unused pins grounded) 
Ve = 2Vdc, Vin = 25mVrms, f = lme 


unused pins grounded) 


Load Resistor Current 
Vo = 0) 
Power Consumption from Power Supply 
(Output "Off", V5 “va = 0) 
(Output "On'') 
Switching Times 
Turn-On Delay 
Turn-Off Delay 


mc 257 MC250 DTL SERIES 


Dual (3-2) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


Forward Current 


+30 
~30 


=-0 to +75 
-65 to +175 


Operating Temperature Range 
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Motorola Integrated Circuits 


MC257 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc. Vs = 2 Vde, Vi: = 0, Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(I, = 5uAdc, V5 = 0) 
= 5uAdc, Va = 0) 


(119 


"1" Output Current 
(V4 = 1.0Vdc, Vo = 5Vdc 


(V3 = 0. 75Vde, V, = 5Vde, 
= 75° C) 


J 
(V = 1.1Vde, Vy = 5Vde, 
T; = 0°C) 
(V, = 1.0Vdc, Vio = 5Vdc) 
(V, = 0. 75Vdc, Vio = 5Vdc, 
T; = 75°C) 
(V, = 1.1Vde, V, 9 = 5Vde, 
T.=0°C) 


J 


"0" Output Current 
(Vv, = 2.0Vdc, Vo = 0. 55Vdc, 


tT, = 0 to 75°C) 
(V,, = 2. 0Vdd, V 


Ty = 0 to 75 C) 


19 = 0» 55Vac, 


Input Breakdown Voltage 
(I, = l0uAde, V, = 0) 


(I, = 10uAdc, V, = 0) 
(I, = 10Adc, V, = 0) 
(Ip = 10#Adc, V, = 0) 
(Ip = 10uAdc, V, = 0) 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 
(Diode under test at 5Vdc, all 


other inputs = 0, Ty = 75° C) 


Input Turn-Off Current 


(Alternately V, V, V2 Vy. Vq = 9) 


3, 4, 7, 8, 9 
(Alternately V5 V4. Va. Vg,Vo= 0, 


Ty = 0 to 75 C) 


Output Capacitance 
(V, = 2.0Vdc, V, = 0, V.. = 25mVrms, 
2 3 in 


f = 1mc, unused pins grounded) 


(Vio = 2.0Vdc, Va = 0, Vis = 25mVrms, 


f= lmc, unused pins grounded) 
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Motorola Integrated Circuits ——— 


MC257 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 
(Vv, = 2Vdc, Vin = 25mVrms, 


f = lmc, unused pins grounded) 
(V, = 2Vdc, Vin = 25mVrms, 
f= 1mc, unused pins grounded) 
(Vn = 2Vdc, Vin = 25mVrms, 


f= 1mc, unused pins grounded) 
Ve = 2Vdc, vi= 25mVrms, 


f = 1mc, unused pins grounded) 
(Vo = 2Vdc, Vi, = 25mVrms, 


f = lmc, unused pins grounded) 
Power Consumption from Power Supply 
(Output "Off", V5 = Vie 
(Output 'On'') 
Switching Times 
Turn-On Delay 
Turn-Off Delay 


MC257 
6 6 
3 7 
2 2 8 10 
4 9 
1 1 
aay . — 


3-2 NAND/NOR GATE 


O 2F 
A3 © 
B4 © 1 

05 

c7 0 

O 10G 
D8 OC 
E9 © 1 


F-AB G=CDE = 
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Motorola Integrated Circuits 


mc 258 MC250 DTL SERIES 


Gate. 
MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


Forward Current 


Io thru 4, 
7 thru 10 
MC258 
6 6 
3 2 7 
8 
4 9 
1 1 
— 5 = 


FsAB  GsCDE 
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Motorola Integrated Circuits 


MC258 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Characteristic 


Output Saturation Voltage 


(l, = 8mAdc, V, = V, = 2Vde, 

T, = 0 to 75°C) 

G9 = 8mAdc, Va = Vg = Vg = 2Vae 
Ts = 0 to 75°C) 


Output "Off" Voltage 
(I, = 100uAdc, V5 = 1.0Vdc 


(I, = 100#Adc, V, = 0. 75Vde, 
T, = 75°C) 
(I, = 100"Adc, V, = 1, 1Vde, 

T,=0°C) 

(I, 9 = 100”Ade, V, = 1.0Vde 

(1,9 = 100uAde, V, = 0. 75Vde, 
= 15°C) 

(1,9 = 100uAde, V, = 1.1Vde, 


T; =0 C) 


Input Breakdown Voltage 
(I,= 10uAdc, V 47 0) 


(I, = 10¢Adc, V, = 0) 
(I, = 1QuAde, V, = 0) 
(I, = 10uAdc, Va = 0) 
(Ig = 10#Ade, V, = 0) 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, T j7 75° C) 


Input Turn-Off Current 


V2,Ve,Vo= 
7,8, ¥9 =% 


(Alternately V 3 Vv 4 
3 3 
(Alternately V4 V 4.¥ 
? 3 
= 0 to 75° C) 


J 


Output Capacitance 
Vo = 2,0Vdc, V, = 0, Vi, = 25mVrms, 


f = 1mc, unused pins grounded) 
(V9 =2-0Vdc, V,=0, V, = 25mVrms, 


f = lmc, unused pins grounded) 
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Motorola Integrated Circuits 


MC258 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


Input Capacitance 
(V5 = 2Vde, V,, = 25mVrms, 


unused pins grounded) 
Vy, = 2Vde, V, = 25mVrms, 


unused pins grounded) 
VV, = 2Vdc, Vin= 25mVrms, 


unused pins grounded) 
(Ve, = 2Vdc, V5.7 25mVrms, 


unused pins grounded) 
(V9 = 2Vde, V 


in = 25mVrms, 


unused pins grounded) 

Power Consumption Power Supply 
(Output "Off", V5 = Va = 0) 
(output On") 

Switching Times 
Turn-On Delay 
Turn-Off Delay 


Average Propagation Delay 


mc259 


MAXIMUM RATINGS (Ts = 25°C) 


Vdc 


Applied Voltage 


Forward Current 
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MC259 (continued) 


ELECTRICAL CHARACTERISTICS 
(Ve = 4 Vdc, Vs = 2 Vde, Vi = O, Ts = 25°C unless otherwise noted) 


Characteristic 


OUTPUT LEVEL 
"Off"' Voltage 
(I, = -200uAdc, V 
Va = 2.0Vdc, TA 
(I, = -200uAdc, V 
V, = 0.6Vdc, 


4 = 0. 55Vde, 
= 0 to 75°C) 
4 = 2.0Vde, 


q T, = 0 to 75° C) 


"On" Voltage 
(I, = 16mAdc, V 
Vy 
(I, = 16mAdc, V 
V,, = 2.0Vde, T 


4 


= 2.0Vdc, 
= 0, 55Vdc, Ty = 0 to 75°C) 
= 0. 55Vdc, 


= 0 to 75°C) 


4 


7 A 


DIRECT SET-RESET INPUTS 
"Up" Voltage 


"Down" Voltage 


"Up" Current 
(V, = 5Vdc, i- 75° C) 


| (V, = 5Vde, Ty = 75° C) 


"Down" Current 
(V, = 0) 


CLOCKED SET-RESET INPUTS 
"Down" Current 


M9 io Oo Fy 
(Vo 10 = % Ty 


= 25°C) 
= 25°C) 


Effective Clock Input 
Capacitance 


SWITCHING TIME 
Clocked Set-Reset Mode 
Turn-On Delay 


Turn-Off Delay 


Direct Set-Reset Mode 
Turn-On Delay 


Turn-Off Delay 


POWER CONSUMPTION 
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Motorola Integrated Circuits 


MC259 (continued) 


MC259 BINARY ELEMENT 


mc 260 MC250 DTL SERIES 


Diode Transistor Logic Flip-Flop. 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 


Forward Current . 


Operating Temperature Range 
Storage Temperature Range 


V2,3,4,8, 
7, 8, 9, 10 
Vv 


-30 


T 
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MC260 (continued) 


ELECTRICAL CHARACTERISTICS. (Ve = 4 Vde, Vs = 2 Vde, Vi = 0, Ts = 25°C) 


OUTPUT LEVEL 
"Off" Voltage 
(I, = -200u Adc, V4 = 0. 55Vdc, 


Momentarily connect pin 2 to 
re OVde, T, = 0 to 75°C) 
z 3 = -200H Ale, V, = 2, 0Vdc, 


Le C) 


"On" Voltage 
(I, = 16mAdc, V, = 2. 0Vdc, 


Momentarily connect pin 2 to 
-2.0Vdc, Ty = 0 to 75°C) 


(L, = 16mAdc, V, = 0. 55Vdc 
3 a 


T, = 0 to 75°C) 


4 


DIRECT SET INPUT CURRENT 
"Up" Current 
(V, = 5Vdc, T, = 75°C) 
"Down" Current 


CLOCKED SET-RESET INPUTS 
"Down" Current 
(Ve, = 0, T 37 75°C) 


= 0, Ty = 75° C) 


vss 10 


Effective Clock Input 
Capacitance 
Vo = 2.0Vdc, Ve = 0Vdc) 


Vio = 2.0Vdc, Vo = 0Vdc) 
(Ve = 4, 0Vdc) 


SWITCHING TIME 
Clocked Set-Reset Mode 
Turn-On Delay 


Turn-Off Delay 


Direct Set Mode 
Turn-On Delay 


Turn-Off Delay 


ee ie el CH BC A 
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MC260 (continued) 


MC260 


a 
HEE: 


“Go a 


8 
c9 5 C10 
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mc 262 MC250 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. 


MAXIMUM RATINGS (T = 25°C unless otherwise noted) 


Applied Voltage 


Forward Current 


-30 


0 to +75 
-65 to +175 


Operating Temperature Range 


MC262 
6 6 
3 2 7 10 
4 8 
5 9 
1 1 


3-3 NAND/NOR GATE 


6 
A3 © 
O 2G 

B4 © 
C5 O L 
D7 QO 1 

9 O 10H 
E8 © 
F9 O 1 


G=ABC H=DEF om 
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MC262 (continued) 


ELECTRICAL CHARACTERISTICS 
(Vs = 4 Vde, Vs = 2 Vdc, Vi = O, Ts = 25°C unless otherwise noted) 


Output Breakdown oo 
(I, = 5uAdc, V, = 0) 


(I, 9 = SuAdc, v, = 0) 


"1"t Output Current 
(V5 = 1.0Vdc, Vo = 5Vdc) 


(V, = 0.75Vde, V, = 5Vde, 


Ts = 75° C) 

(V, =1.1Vde, V, = 5Vde, 

Ts = 0°C) 

(Vv, = 1.0Vdc, Vio = 5Vdc) 
(V, 0. 75Vdc, Vio = 5Vdc, 
T,= 75° C) 

(V, = 1,1Vdc, Vio= 5Vdc, 
Ty= 0° €) 


"0" Output Current 


(V,, = 2Vde, Vp = 0.55, 
T; = 0 to 75° C) 
Ty = 0 to 75°C) 


Input Breakdown Voltage 
(I, = 10uAdc, V4 = 0) 


(I, = 10#Adc, V, = 0) 
(I, = 10uAde, V, = 0) 
(I, = 10uAde, V, = 0) 
(Ip = 10#Adc, V, = 0) 
(Ig = 10#Ade, V,, = 0) 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Ts; = 75°C) 


Input Turn-Off Current 


pied V3, Vv 4, Me Vn, Vg. 
= 0) 


eee V3 Vv 4, V5, Va, Vai 


Vg = 90, T; sore 


11-84 


Motorola Integrated Circuits 


MC262 (continued) 


ELECTRICAL CHARACTERISTICS (continued) 


oe 


Output Capacitance 
(V5 = = 2.0Vdc, V, = 0, Vin= 25mVrnmis, 


f = lmc, unused pins grounded) 
Vio = 2,0Vdc, Vq =0,Vi.= 25mVrms, 


f= 1mc, unused pins grounded) 
Input Capacitance 
(V5 = 2Vdc, Vin = 25mVrms, f=1mc, 


unused pins grounded) 
(V, = 2Vdc, V, = 25mVrms, f = Ime, 


unused pins grounded) 
(V. = 2Vdc, Vin= 25mVrms, f= 1mc, 


unused pins grounded) 
(V, - 2Vdc, Vin = 25mVrms, { = lmc, 


unused pins grounded) 
(VV, = 2Vdc, Vin = 25mVrms, f = lmc, 


unused pins grounded) 
(Vo = 2Vdc, Vin = 25mVrms, f = 1mc, 


Power Consumption from Power Supply 
(Output "Off", V5 = Va = 0) 


(Output ''On"') 
Switching Times 

Turn-On Delay 

Turn-Off Delay 


mc 263 MC250 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic NAND/NOR 
Gate. . 


MAXIMUM RATINGS (Ts = 25°C unless otherwise noted) 


Applied Voltage 
V3 thru 9 
Vo, 10 
Forward Current 
~30 


} Operating Temperature Range Temperature Range 0 to 75 
Storage Temperature Range ee 65 to +175 
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MC263 (continued) 


ELECTRICAL CHARACTERISTICS . 
(Vs = 4 Vdc, Vs = 2 Vde, Vi = 0, Ts = 25°C unless otherwise noted) 


Output Breakdown Voltage 
(I, = 5uAde, V5 0) 


(I, = 5uAde, V, = 0) 


Output Saturation Voltage 


(I, = 8mAdc, V, = V, = V, = 2Vde, 
T; = 0 to 75° C) 
Ih = 8mAdc, Va = Vs = Vo = 2Vdc, 


= 0 to 75°C) 


Output "Off" Voltage 
(I, = 100uAdc, Vg = 0. 7Vde, 


T, = 0 to 75°C) 
(I, = 100uAde, V 


T; = 0 to 75 C) 


= 0. 7Vdc, 


7 


Input Breakdown Voltage 
(I, = 10uAdc, V4" 0) 


(I, = 10#Ade, V, = 0) 
(I, = 10uAde, V, = 0) 
(I, = 10#Adc, V, = 0) 
(Ig = 10uAde, V, = 0) 
(Ig = 10zAdc, V, = 0) 


Input Leakage Current 


(Diode under test at 5Vdc, all 
other inputs = 0) 

(Diode under test at 5Vdc, all 
other inputs = 0, Ty = 75° C) 


Input Turn-Off Current 


V, V. Vn V 


(Alternately V3, 4,¥5,"7,"8, 


Vo = 0) 
(Alternately V3, Vv, V-. Vn V 


Wh Pl Fae 
V,=0, T, =0 to 75°C) 


9 J 


Output Capacitance 
(Vo = 2.0Vdc, V3 =0, Vin = 


25mVrms, f = 1mc, unused 
pins grounded) 
Vio = 2.0Vdc, Va =0, Vin = 


Z5mVrms, f = 1lmc, unused 
pins grounded 
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MC263 (continued) 
ELECTRICAL CHARACTERISTICS (continued) 


Characteristic 


Input Capacitance 
(V 3 = 2Vdc, Ar 


f = lmc, unused pins grounded) 
Vv, = 2Vde, V,, = 25mVrms, 


f = lmc, unused pins grounded) 
(Vv, = 2Vdc, Vin = 29mVrms, 


f = lmc, unused pins grounded) 
WV, = 2Vdc, Vos 25mVrms, 


f = lmc, unused pins grounded) 
(Ve = 2Vdc, Vin = 25mVrms, 


f = 1mc, unused pins grounded) 
(Vo = 2Vdc, Vi.* 25mVrms, 


f = 1mc, unused pins grounded) 


= 25mVrms, 


Power Consumption from Power Supply 
(Output "Off", V5 = Va = 0) 


(Output ''On") 


Switching Times 
Turn-On Delay 


Turn-Off Delay 


10 
10 
10 
10 
10 
10 


——— ee a ee 
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mc 265 MC250 DTL SERIES 


Dual (3-3) Input Diode Transistor Logic AND Gate. 


MAXIMUM RATINGS (Ta = 25°C) 


Operating Temperature Range = 0 to +75 


Storage Temperature Range -65 to +175 


Applied Voltage 
Vo .3,7 thru 
10 
Ve 


MC265 


6 6 
7 10 
8 : 9 4 
9 3 

1 1 


DUAL “AND” GATE 
6 
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MC265 (continued) 


ELECTRICAL CHARACTERISTICS 


Diode Breakdown Voltage re 


(I, 3,19 = L0uAde, V4 =V, = 0) 


= 10uAdc, V, = V, = 0) 


(7 8.9 


Diode Forward Voltage 
(I, = 2mAdc, Vo, 3,10 = Vi = 0) 


(I, = 2mAdc, V 


Diode Reverse Leakage Current 


(Vo 3,10 7 SVdc, V4 = Vy = 0) 
(Vo 3,107 5Vdce, V,=V, =9, 
T, = 75°C) 

(Va. gg = SVde, V5 = Vy = 0) 
(Vq gg = SVde, V5 =V, =0, 
T, = 75°C) 


Input Capacitance 
(Vo 3, 107 2Vdc, 4= Vi = 0, 
f=1mce, Vin = 25mVrms, unused 
inputs grounded) 

(Va 8,9 = avde, Ve = V, =0, 

{=1mc, Ve = 25mVrms, unused 


pins grounded) 


Reverse Recovery Time 


Tye, 3,10 = Fre, 3,10 = 2m Ades 
V4 = v; = 0, recover to 0.2mAdc) 


Up, 8,9 = R7,8, 9 = 2mAdcs 


V5= = v, = 0, recover to 0.2mAdc) 


Resistor Isolation Leakage 
Ve = 5Vde, V,=V,= 0) 


Resistor Current 
(V_ = 4Vde, Vy =V, = 0) 


(V, = 4Vdc, cay 179) 


Diode Forward Conductance Change AV euce 


F2, 3,10 
F7, 8,9 


with Temperature 
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mc 26/7 MC250 DTL SERIES 


Diode Transistor Logic Dual-Diode eee: 


MAXIMUM RATINGS (Ta = 25°C) 


Applied Voltage 


Forward Current 
Operating Temperature Range 


Storage Temperature Range 


DUAL DIODE ARRAY 


5 4 
7 8 9 2 3 10 
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MC267 (continued) 


ELECTRICAL CHARACTERISTICS (Ts = 25°C unless otherwise noted) 


Diode Breakdown Voltage 
(Ip 3 10 =10uAdc, V,4= =V 


b 
(Ip gg = l0uAde, V5 =V 


Diode Forward Voltage 
(L, = 2mAdc, V 
4 23, 
(I, = 2mAdc, V 


= 5Vde, V,=V, 


4 


Input Capacitance 
Vo 3, 10 = 2Vdc, V4 = vy = 


f=1mc, Vin = 25mVrms, 


unused inputs grounded) 
(Vo gg = 2Vde, V5 =V, =0, 


f=1me, Vin = 25mVrms, 
unused inputs grounded) 


Reverse Recovery Time 


(lp 3,10 = IR2,3,10 = 2mAde, 
V,=V,=0, Recover to 0. 2mAdc) 


p7,8,9 = 4IR7,8,9 = 2mAde 
Viiv 


. 17 0, recover to 0.2mAdc) 


tr2, 3, 10 


Diode Forward Conductance Change F2,3, 10 


with Temperature 
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usNME pitt series 


Monolithic integrated Diode Transistor Logic cir- 
cuits designed to provide all of the basic logic func- 
CASE 71 tions in a digital computer. The ME USN Series 
(TO-5) is intended for high-speed logic applications over a 
temperature range of -55 to +125°C. 


Series USN ME1 DTL Circuits 


Switching Time Power 
Dissipation 
(mW) 


Recovery Time n 
Description (nsec) (nsec) 


3-4 Diode AND Gate 
2-2-2 Diode AND Gate 
1-1-1-2 Diode AND Gate 
8-Diode AND Gate 

Dual Inverters 

9-Diode Common-P Gate 
9-Diode Common-N Gate 


16-Diode Series/Parallel Matrix 


"1 TERMINAL] =a S| So, 

ee ae ae ee a eee 
a a an ee eee 

1000 OHMS 270 OHMS Sy ee ee ee ee 
ee ee ee 

a re ee BS 


100 chms 


--—- 


. NOTES 
3V (1) Turn-on time for the circurt is defined as the time 
OUTPUT interval from a point 10° up from the minimum 
SCOPE: amplitude on the leading edge of the input pulse 
5 to a point 80% down from the maximum ampli- 


IN914’s 
or 


t,=t, =Snsecmax equiv. (2) Turn-off time for the circuit is defined as the time 


a t; = 1 nsec max tude on the leading edge of the output pulse. 
’ > interval from a point 10% down from the max- 


| 
7 
L. 


PW = 100 nsec imum amplitude on the trailing edge of the input 
x pulse to a point 0% down from the maximum 
rep. rate > 60 cps amplitude on the trailing edge of the output pulse. 
UNIT UNDER TEST ; ; ' 
B c (3) Adjust C; to 20 pf (includes scope and stray ca- 

pacitance.) 
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USN ME (continued) 


SWITCHING TIME TEST CIRCUIT FOR DIODE GATES 


10 Vde + 10 Vde 
2 VOLTS 
Cc 
6 Vde = 20% 1 VOLT 
B 
SWITCH S, 0 VOLT 
0: 10 Vde D 
REP. RATE => 60 cps 
PW = 100 nsec SWITCH S, SWITCH S, 
OPEN CLOSEO 
= TEST PROCEDURE 
(1) Open switch S, 
(2) Adjust input pulse of Q) for Q; fall time 
A which will result in output at terminal A 
ne of 3 nanoseconds/volt positive slope for 


approximately 2.5 volts. 
(3) Note t, (2 volt level) 
(4) Close switch S, 
(5) Note t, (2 volt level) 


usn ME] USN ME DTL SERIES wea 


MIL-M-23700/1 (NAVY) 


CASE 71 


(10-5) 3-4 Diode AND Gate. 


ABSOLUTE MAXIMUM RATINGS (Ta= 25°C unless otherwise noted) 
Characteristic 
Forward Current 20 


Reverse Voltage 10 


Total Device Dissipation 200 


Derate above 25°C 1.33 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature Range -65 to +175 
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USN MET (continued) 
DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 
10 Vdc 


TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
5259 I DIFFERENTIAL VOLTAGE FORWARD CURRENT 
" : [doeernto [6.0 |s.20% | | dweerto | zen | 
CONNECTATO 16,7,8 | 1,2,9,&10 CONNECT A TO 1, 2, 4 THRU 10 
ce 2 es Teowecrero s [+ | [comerom [> 
= ey —— [eomecrevo3 [3] [Lenarcomeers [7 


TABLE | GROUP A INSPECTION 


Examination or Test 750 Method Min/Max Number 
SUBGROUP 
Visual and Mechanical Examination 


SUBGROUP 2 

Forward Current (each diode - Fig. 2)] 4011 mAdc 
V5.1 = 10 Vde 1, 
Vn-27 10 Vde I,» 
Vp.4 thru 10— 10 Vde 4 thru 10 

Reverse Current (each diode) 4016 uAdc 
V 1-3 = 10 Vde 1-3 
Vo_3= 10 Vdc ly_s 
V4 thru 10-3 ~ 1° Vde Is thru 10-3 

SUBGROUP 3 

Differential Voltage (Fig. 2) Vde 

6 


SUBGROUP 4 

Capacitance (each diode) 4001 
Vi, 2, 4 thru 10-3 ~ 10 Vae, 
f= 100 ke 

Reverse Recovery Time (Fig. 3) 4031 

Connect Pin 3 to C. Pin 4 to D, 

alternately connect Pins 1, 2, 9, 

and 10 to B 

Connect Pin 3 to C, Pin 5 to D, 

alternately connect Pins 6, 7, 

and 8 to B 

Connect Pin 3 to C, Pin 2 to D. 

and Pin 4 to B 

Connect Pin 3 to C, Pin 6 to D, 

and Pin 5 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections.” 


il 
~ 
fa) 
= 

= 
‘ 


u 

-_— 

© 

Ss 

a 

~~ 
— nas ge 
SON OID 


Vv 
Ms 
ys 
v3 im 
V4 
V4 
V4 


—_— -— 
oO oO de C wg 
n 8 ot ft 
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USN ME! (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 
Examination or Test Methed 


SUBGROUP I 
Physical Dimensions 


SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 


Temperature Cycling 1051 
(T = 175°C) Condition B 


Thermal Shock 1056 
(Glass Strain) Condition A 


Moisture Resistance 1021 
End Points: Same As Subgroup 7 


SUBGROUP 3 
Constant Acceleration 2006 
(10, 000G, Xi, Y) Y») 


Shock (500G, 1 msec, 5 blows each in orientation 2016 


Vibration Fatigue 2046 
(10G) Non-operating 


Vibration, Variable Frequency 2056 
(106) 


End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 
(3 leads at random) Condition E 


SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
High one Life 1031 

(Ty = 175°C Non-operating 
End Points: sun As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 
Vy 1, 2,4 thru 10- 3 = 10V, f = 60 cps 
Pp(R,) = Py (Ro) = 100 mW 
End Points: (Subgroups 2,3, 6 and 7) 


Forward Current 
= 10 Vdc . 
Vp-2 = 10 Vdc 


Vp-4 thru 10 = 10 Vde 
si Current 


= 10 Vde 
v3 = 10 Vde 


V4 thru 10-3 ~ 10 Vdc 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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USN ME? USN ME DTL SERIES | ME2 | 
MIL-M-23700/2 (NAVY) 
CASE 71 

(TO-5) 


2-2-2 Diode AND Gate. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characteristic Symbol Rating 


Forward Current 20 


Reverse Voltage 10 
Total Device Dissipation 300 
Derate above 25°C 2 


Resistor Dissipation (Each Resistor) 100 
Deraie above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature Range -65 to +175 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


p 10 Vdc TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
250 It, DIFFERENTIAL VOLTAGE FORWARD CURRENT 
1% ALTERNATELY ALTERNATELY 
: dimmer | 9.10 | 7.0 | 56 
Feamecrero [1 [2]«]  [comerow [> 
=e * 6 8 wk Geomecreo Ps fs [2 
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USN ME2 (continued) 


TABLE | GROUP A INSPECTION 


MIL-STD-750 sit 


tl 
Examination or Test Method Symbol Min Max Unit LTPD Number 


SUBGROUP I 
Visual and Mechanical Examination 
SUBGROUP 2 


Forward Current (each diode - Fig. 2) 401 
Vp-] = 10 Vdc 
Vp-2 =10 Vdc 
VD-4 thru 10 = 10 Vde 


Reverse Current (each diode) 
V}-3 = 10 Vdc 
V2-3 = 10 Vdc 
V4 thru 10-3 = 10 Vde 


SUBGROUP 3 


Differential Voltage (Fig. 2) 
Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-6 = 10 Vdc, Ip_4 = 0.5 mAdc 
Vp-7 = 10 Vdc, Ip-g = 0.5 mAdc 
Vp-8 = 10 Vdc, Ip_2 = 0.5 mAdc 
Vp-9 = 10 Vdc, Ip.) = 0.5 mAdc 
Vp-10 = 10 Vdc, Ip-) = 0.5 mAdc 


SUBGROUP 4 
Capacitance (each diode) 
Vi, 2, 4 thru 10-3 = 10 Vdc, f = 100 ke 


‘Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 1 to D, 

alternately connect Pins 9 and 10 to B 

Connect Pin J to C, Pin 2 to D, 

alternately connect Pins 7 and 8 to B 

Connect Pin 3 to C, Pin 4 to D, 

alternately connect Pins 5 and § to B 

Connect Pin 3 to C, Pin 9 to D, and Pinl toB 
Connect Pin 3 to C, Pin 7 to D, and Pin 2 toB 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


QUALITY ASSURANCE PROVISIONS 


Qualification approval: Required. 


Qualification inspection: Group A and group B inspections as shown in Tables I and I. Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 


Quality conformance inspection: Group A and group B inspections as shown in Tables Iand I, Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700.. Procedure IC 
may be used. A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure IL . 


/ 
Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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USN ME2 (continued) 


TABLE I| GROUP B INSPECTION 


" MIL-STD-750 


SUBGROUP I 
Physical Dimensions 2066 


SUBGROUP 2 
Soldering Heat (1 Cycle) 


2031 


105) 
Condition B 


Temperature Cycling 
(T = 175°C) 


1056 
Condition A 


Thermal Shock 
(Glass Strain) 


Moisture Resistance 102) 


End Points: Same As Subgroup 7 


SUBGROUP 3 


Constant Acceleration 
(10,000G, X;, Y) Yo) 


2006 


Shock (500G, 1 msec,:5 blows each in orientation 2016 


X), Y), Yo, total of 15 blows. ) 


Vibration Fatigue 2046 
(10G) Non-operating 
Vibration, Variable Frequency 2u56 
(10G) 


End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 
(3 léads at random) 


2036 
Condition E 


SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 


High Temp eo Life 
(Tag =175'C 
End Points: ne As Subgroup 7 


Non-operating 


SUBGROUP 7 
Steady State Operation Life 


Yr, 2,4 thru = 10V, f = 60 cps 
Pp (Ri) = Pp (Re) = Pp (R3) = 100 mw 
End Points: (Subgroups 2,3,6 and 7) 


Forward Current (Fig. 2) 
Vp-1,= 10 Vde 
Vp-2. = 10 Vdc 
VD-4 thru 10 = 10 Vde 
Reverse Current 


V1-3 = 10 Vde 11-3 
V9.3 = 10 Vde 12-3 
V4 thru 10-3 = 10 Vdc l4 thru 10-3 


Dgroups are consi 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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USN ME3 USN ME DTL SERIES 

MIL-M-23700/3 (NAVY) 

CASE 71 ; 1-1-1-2 Diode AND Gate. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Characteristic Symbol 


Forward Current 
Reverse Voltage 


Total Device Dissipation 
Derate above 25°C 


Resistor Dissipation (Each Resistor) 
Derate above 25°C 


Operating Temperature Range 


Storage Temperature Kange stg 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


10 is TERMINAL GAGE 
— DIFFEREN 
+ [émeerato [aol7 | 
CONNECT A TO 7 
Teomecr ero | [> [2 
Teomecrevo [Ts [33] 
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Rating 


10 


400 
2.67 


100 
0.67 


-55 to +125 


-65 to+175 


mA 
Volts 


mW 
mw/°C 


mw 
mw/°Cc 


a 


% 


TERMINAL TEST CONNECTIONS 


FORWARD CURRENT 
[donee ato | aero | 
CONNECT A TO 1, 2, 4 THRU 10 
Tcomecro fs 
Perwor cowneores |__| 


Moforola Integrated Circuits 


USN MES (continued) 
TABLE | GROUP A INSPECTION 


MIL-STD-750 Limits Max Acc 
Examination or Test Method Symbol Min Unit LTPD Number 


SUBGROUP I 
Visual and Mechanical Examination 


Forward Current (each diode - Fig. 2) 
Vp.) = 10 Vde Ig.) 
ie = 10 Vdc 13.9 
Vp-4 thru 10 = 10 Vde 3-4 thru 10 


Reverse Current (each diode) 
V}-3 = 10 Vdc ]-3 
V9-3 = 10 Vde 12-3 
V4 thru 10-3 = 10 Vde ly thru 10-3 


SUBGROUP 2 
Differential Voltage (Fig. 2) 
-3 = 10 Vdc, Ip-10= 0.5 mAdc Vj0-8 
g = 10 Vdc, Ip-19= 9. 5 mAdc V10-9 
_7 = 10 Vdc, I,_, = 0.5 mAdc Vi-7 
A = 10 Vdc, ince = 0.5 mAdc V2-6 


Vp-5 = 10 Vdc, In_4 = 0.5 mAdc V4-5 


SUBGROUP 4 


Capacitance (each diode) 400) é ‘ 
Vj, 2,4 thru 10-3 = 10 Vdc, f = 100ke ne i , 
Reverse Recovery Time (Fig. 3) 4031 to - ty 
Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 toB 
Connect Pin 3 to C, Pin 1 to D, 
and Pin7 toB 


Connect Pin 3 to C, Pin 2 to D, 
and Pin 6 toB 


Connect Pin 3 to C, Pin 4 to D, 
and Pin 5 to B 


Connect Pin 3 to C, Pin 5 to D, 
and Pin 4 to B 


Connect Pin 3 to C, Pin 6 to D, 
and Pin 2 toB 


Connect Pin 3 to C, Pin 7 to D, 
and Pin 1 to B 


Connect Pin 3 to C, Pin 8 to D, 
and Pin 10 toB 


‘NOTE: Letter denotes test circuit connection points. Number subscripts denote device pin 


QUALITY ASSURANCE PROVISIONS 


Qualification approval: Required. 


Qualification inspection: Group A and group B inspections as shown in Tables I and I. Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 


Quality conformance inspection: Group A and group B inspections as shown in Tables I and I Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used, A device having one or more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure IL. 


Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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Motorola Integrated Circuits 


USN MES (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 limits Max Acc 
Examination or Test Method ae Min | Max | at LTPD 
SUBGROUP I 
Physical Dimensions 2066 


SUBGROUP 2 
Soldering Heat (1 Cycle) 


Temperature Cycling 
(T = 175°C) 


Thermal Shock 
(Glass Strain) 


Moisture Resistance 
End Points: Same As Subgroup 7 


SUBGROUP 3 


Constant Acceleration 
(10,000G, Xj, Yp Yo) 


Shock (500G, 1 msec, 5 blows each in orientation 
Xj, Yj, Yo, total of.15 blows. ) 


Vibration Fatigue 
(10G) 


Vibration, Variable Frequency 
(10G) 
End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 
(3 leads at random) Condition E 


SUBGROUP 5 (Notes !, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
High Temperature Life 
(Ta = 175°C) 


End Points: Same As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 
‘rl. 2.4 thru 10-3 = 10 V, f= 60 cps 
Pp (Ri) = Pp {Ro} = Pp (R3) = Pp(Rq) = 100 mw 
End Points: (Subgroups 2, 3, 6 and 7) 
Forward Current 
Vp-1 = 10 Vdc ly. 
Vp-2 = 10 Vde ; 13.9 
Vp-4 thru 10 = 10 Vde 13-4thru 10 
Reverse Current 
V1-3 = 10 Vde I1.3 
V9.3 = 10 Vde Io_3 
V4 thru 10-3 = 10 Vde Ig thru 10-3 


Non-operating 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


usn ME4 USN ME DTL SERIES 


MIL-M-23700/4 (NAVY) 


CASE 71 8-Diode AND Gate. 
(TO-5) 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Charactoristies [—symbot [tating [Unit 


Forward Current 
Reverse Voltage 


Total Device Dissipation 100 
Derate above 25°C 0.667 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


TABLE |! GROUP A INSPECTION (Ta= 25°C) 
MIL-STD Limits 
750 —__——- Max Acc 
Examination or Test Method Symbol Min Max Unit LTPD Number 


SUBGROUP I 
Visual and Mechanical Examination 


SUBGROUP 2 


Forward Current (each diode - Fig. 2) 
V = 10 Vdc I 
D-1 3-1 
Vp-2 =, 10 Vdc I3_9 
Vp-4 thru 10 = 10 Vde 13-4 thru 10 


Go GO 
Go 6 6 


Reverse Current (each diode) 
V1-3 = 10 Vdc 11-3 
V9-3 = 10 Vdc I9_3 
V4 thrn 10-3 = 10 Vdc ly thru 10-3 


SUBGROUP 3 
Differential Voltage (Fig. 2) 


- D 
Vp-1 = 10 Vdc, Ip- 


Vp-2 = 10 Vde, Ip. 
SUBGROUP 4 


Capacitance (each diode) 
V1, 2, 4 thrul0-3 = 10 Vdc, f = 100 ke 


Reverse Recovery Time (Fig. 3) 
Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 1, 2, 5, 6,7, 8, 
9, and 10toB 
Connect Pin 3 to C, Pin 1 to D, 
and Pin 4 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 
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Motorola Integrated Circuits 


USN ME4 (continued) 


TABLE Il GROUP B INSPECTION 


msio units ae 
matin | ew [aT] om | ime | ME 
SUBGROUP I 
Ee ee ee ee eee 


SUBGROUP ¢ 
Soldering Heat (1 Cycle) 2031 
Temperature Cycling 1051 

(T = 175°C) Condition B 


Therma] Shock 1056 

(Glass Strain) Condition A 
Moisture Resistance 1021 
End Points: Same As Subgroup 7 


SUBGROUP 3 

Constant Acceleration 2006 
(10,000G, X), Y) Yo) 

Shock (500G, 1 msec, 5 blows each in 2016 


orientation 
X), Yp "Y,, total of 15 blows. ) 


Vibration Fatigue 2046 
(10G) Non-operating 
Vibration, Variable Frequency 2056 
(10G) 
£nd_buints: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 2036 
(3 leads at random) Condition E 
SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 1041 


SUBGROUP 6 
High Temperature Life 1031 
(Ta = 175°C) Non-operating 


End Points: Same As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 


“ry 1,2,4 thru 10-3 = 10V, f - 60 «ps 
Pp = 100 mw 
End Points: (Subgroups 2,3, 6 and 7) 


Forward Current (Fig 2) 
V = 10 Vde 
D- Ie 
Vp.2 = 10 Vde ins 
Vp-4 thru 10 * 10 Vde 13-4 thru 10 
Reverse Current 
V3 = 10 Vde 
V9-3 = 10 Vdc 


V4 thru 10-3 * 10 Vde 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


ie TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
5250 It DIFFERENTIAL VOLTAGE FORWARD CURRENT 
CONNECT A TO 1, 2, 5 THRU 10 CONNECT A T0 1, 2, 4 THRU 10 


CONNECT C TO B NOT CONNECTED Po 
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Motorola Integrated Circuits 


usn ME5 USN ME DTL SERIES MES 


MIL-M-23700/5 (NAVY) 


on int 
‘WW Dual high-speed, NPN transistor inverters. 


ABSOLUTE MAXIMUM RATINGS (Ta = 25°C) 


Characteristic 


Reverse Voltage 


Total Device Dissipation 
Derate above 25°C 


Individual Gate Dissipation 
Derate above 25°C 
Resistor Dissipation 
R,; or Ro 
Derate above 25°C 
Rg or Rq 
Nerate above 25°C 
Operating Temperature Range -95 to +125 


Storage Temperature Range 1 -65 to +175 


SWITCHING TIME TEST CIRCUIT 


Sj TERMINAL 


6.5 Vdc 


1000 OHMS 270 OHMS 


100 ohms 


NOTES 
(1) Turn-on time for the circuit is defined as the time 
oy OUTPUT interval from a point 10% up from the minimum 
: amplitude on the leading edge of the input pulse 
SCOPE: to a point $0% down from the maximum ampli- 
t, = 1 nsec max tude on the leading edge of the output pulse. 


IN914’s 
or 
t,=t, =Snsecmax = equiv. 


PW = 100 nsec 
rep. rate => 60 cps 


(2) Turn-off time for the circuit is defined as the time 
interval from a point 10% down from the max- 


imum amplitude on the trailing edge of the input 
_ pulse to a point 50% down from the maximum 
amplitude on the trailing edge of the cutput pulse. 


UNIT UNDER TEST : 
B e (3) Adjust Cs to 20 pf (includes scope and stray ca- 
pacitance.) 
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Motorola Integrated Circuits 


USN MES5 (continued) : 
TABLE | GROUP A INSPECTION 


MIL-STD-750 Limits Max Acc 
Examination or Test Method Symbol Min/Max Unit LPTD Number 


SUBGROUP I 
Visual and Mechanical Examination 


SUBGROUP 2 - Q) 
Static Input Voltage Drop 
ly_s = 35 mAdc, Ig.s = 1.5 mAdc 
Colleccor - Emitter Saturation Voltage 
I4-5 = 35 mAdc, Ig_s = 1.5 mAdc 
Base - Emitters Conduction Current 
V7_5 = 10 Vdc 
Collector Resistor Current 
V9.4 = 3 Vdc 
Turn-On Time (Fig. 2) 
Va-5 = -§.5 Vdc, V3-5 = +3 Vdc, Close 
switch So 
Turn-Off Time (Fig. 2) 


Vas = -6.5 Vdc, Va_e = +3 Vdc, Close 
svitch Ss; a8 


SUBGROUP 3 - Q, 
Static Input Voltage Drop V9-10 
lj-10 = 35 mAdc, Ip_10 =1.5 mAdc 
Collector - Emitter Saturation Voltage 3071 
I)-19 = 35 mAdc, Ig-19 = 1.5 mAdc 
Base-Emitter Conduction Current I3.10 
Vg-10 = 10 Vde 
Collector Resistor Current Ip-) 
Vo.1 23 Vdc 
Turn-On Time (Fig. 2) _t 


Vg-10 = -6.5 Vdc, Vo_1q = +3 Vdc, Close 
switch Sp a 


Turn-Off Time (Fig. 2) 
Vg.19 = -8-5 Vdc, Vo_19 = +3 Vdc, Close 
switch 8) 
SUBGROUP 4 
High Temperature Operation 


Collector - Emitter Cutoff Current 
V3.5 = 10 Vdc, Vq_5 = -6.5Vdc, Ta = +85°C 
V2-10 = 10 Vde, Vp jg = -6.5Vde, Ty = +85°C 
——EEEE ee 


VoE(sat)1-10 


on 


SUBGROUP 5 
Low Temperature Operation 


DC Forward Current Transfer Ratio 
V4.5 = 0.5 Vdc, Iy_s = 35 mAdc, T, = -55°C 
V1 -10 = 0.5 Vdc, ae = 35 mAdc, t, = -§5°C 


SUBGROUP 6 

DC Forward - Current Transfer Ratio 
V4.5 = 0.5 Vde, I, _. = 35 mAdc 
V}-10 = 0.5 Vde, a = 35 mAdc 


Collector - Emitter Cutoff Current 
I3_5 = 10 Vde, Vq7-5 = -§.5 Vdc 
12-10 = 10 Vdc, Vg-10 = -6.5 Vdc 

Reverse Current 
V7-6 = 10 Vdc 
Vg.9 = 10 Vde 


QUALITY ASSURANCE PROVISIONS 
Qualification approval: Required. 


Qualification inspection: Group A and group B inspections as shown in Tables I and IL Sampling shall be in 
accordance with Appendix D of MIL-M-23700. 


Quality conformance inspection: Group A and group B inspections as shown in Tables I and IL Sampling for 
group A inspection shall be in accordance with procedure I, Appendix D of MIL-M-23700. Procedure IC 
may be used. A device having one er more defects shall be counted as one defective. Sampling for group 
B inspection shall be in accordance with procedure I (procedure IC may be used), of Appendix D of MIL- 
M-23700, except for life tests which shall be in accordance with procedure I, 


Quality conformance inspection information: When specified in the contract or order, one copy of the quality 
conformance inspection data pertinent to the inspection lot shall accompany the shipments. 
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Motorola Integrated Circuits 


USN MES (continued) 


TABLE II GROUP B INSPECTION 


MIL-STD-750 
Examinatio:) or Test Method 


SUBGROUP 2 

Soldering Heat (1 Cycle) 

Temperature Cycling 
(T = 175°C) 


Therma! Shock 
(Glass Strain) 
Moisture Resistance 


End Points: Same As Subgroup 7 


UBGROUP 3 
Constant Acceleration 
(10,000G, Xj, Y) Yo) 


Shock (500G, 1 msec, 5 blows each in orientation 


Vibration Fatigue 
(10G) 

Vibration, Variable Frequency 
(10G) 

End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 
Terminal Strength 
(3 leads at random) Condition E 


SUBGROUP 6 
High Temperature Life 1031 
(Ta = 175°C) Non-operating 


End Points: Same As Subgroup 7 


SUBGROUP 7 


Steadv State Operation Life 
= 6.3 Vdc, Pin 7 connected to pin 3, 
3608, * resistor connected between pins 3 and 4, 
5K 2 resistor connected between pins 3 and 6 
V9-19 = 8.3 Vdc, pin 8 connected to pin 2, 
40022 resi .or connected between pins I and 2, 
5 KQ resistor connected between pins 2 and 9 
End Points: (Subgroups 2, 3, 6, and 7) 
Collector - Emitter Cutoff current 
Vv = 10 Vdc, V7_5 = -6.5 Vdc 
V2-10 = 10 Vde, Vg_i9 = 8.5 Vde 


Base - Emitter Conauction Current 
Vq_5 = 10 Vde 
Vg- 10 = 10 Vdc 


Collector Resistor Current 
V3.4 = 3 Vde 
V9-) = 3 Vdc 


Reverse Current 
V7.6 = 10 Vdc 
Vg_g = 10 Vde 

DC Forward Current Transfer Ratio 
V4-5 = 0.5 Vde, I4.5 = 35 mAde 
V)-10 = 9-5 Vdc, Iy.y9 = 35 mAdc 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 


‘ 
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Motorola Integrated Circuits 


usn ME6 USN ME DTL SERIES 
MIL-M-23700/6 (NAVY) | 


9-Diode Common-P Gate. 


CASE 71 
(TO-5) 


MAXIMUM RATINGS 6(At 25°C) 


Characteristic 


Reverse Voltage (Each Diode) 


Total Device Current 
(Derate 2mA/‘C) 


Individual Diode Current 
(Derate 2mA/ C) 


Operating Temperature Range -65 to +175 


TABLE | GROUP A INSPECTION 


| SUBGROUP I 
Visual and Mechanical 
Examination 


SUBGROUP 2 


Forward Voltage 
Th)-2 thru 10 — haa made VFI-2 thru 10 


Reverse Current 


Vo thru 10-] = 20 Vdc TR2 thru 10-1 


Breakdown Voltage 
TR thru 10-1 = 10 HAde V2 thru 10-1 


SUBGROUP 3 


Junction Capacitance 
V2 thru 10-1 = 10Vdc, f = 100kc 


Reverse Recovery Time 
(Ip = 300mAdc, Ip 10 thru 2-1 = 
60mAdc, 
Ry, = 2.52, Scope Input 
Capacitance = 4pf) 
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Motorola Integrated Circuits 


USN ME6 (continued) 


TABLE Il GROUP B INSPECTION 


MIL-STD-750 
ee ee 
pm | — fel fate 


2031 


Physical Dimensions 
SUBGROUP 2 


Soldering Heat (1 Cycle) 


1051 
Condition B 


Temperature Cycling 
(T = 175°C) 


Thermal Shock 
(Glass Strain) 


1056 
Condition A 


Moisture Resistance 


1021 
End Points: Same As Subgroup 7 
SUBGROUP 3 


Constant Acceleration 
(10, 000G, X), Yp Yo) 


Shock (500G, 1 msec, 


5 blows each in orientation 
X, Y) Yo» total of 15 blows. ) 


Vibration Fatigue 
(10G) 


Vibration, Variable Frequency 
(10G) 


2016 


2046 
Non-operating 


2056 


2036 
Condition E 


1031 A=20 
Non-operating 


End Points: Same As Subgroup 7 
SUBGROUP 4 (Notes 1, 2) 


Terminal Strength 
(3 leads at random) 


SUBGROUP 5 (Notes 1, 3) 


Salt Atmosphere (Corrosion) 
SUBGROUP 6 


High ase Life 
(Ty = 175°C 


End Points: Same As Subgroup 7 


SUBGROUP 7 


Steady State Operation Life 
Ip 2thru 10-1 = 300 mAdc, f = 60 cps 
Yr1-2 thru 10=32 Vdc 

End Points: (Subgroups 2, 3, 6, and 7) 


Forward Voltage 
I¥1-2 thru 10 = 300 mAdc 


Reverse Current 
V2 thru 10-1 = 20 Vde 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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Motorola Integrated Circuits 


usn ME7 USN ME DTL SERIES Ta 


MIL-M-23700/7 (NAVY) 


CASE 71 ae ; 
(TO-5) 9-Diode Common-N Gate 


ABSOLUTE MAXIMUM RATINGS (At 25°C) 


Reverse Voltage (Each Diode) 


Total Device Current 
(Derate 2mA/ C) 


Individual Diode Current 
(Derate 2mA/ C) 


Operating Temperature Range -65 to +175 


TABLE | GROUP A INSPECTION 


SUBGROUP I 
Visual and Mechanical Examination 


SUBGROUP 2 


Forward Voltage Vv 
Ip 2 thru 10-] = 300m Adc F 2 thru 10-1 


Reverse Current Ip 1 - 2 thru 10 
VR 1 - 2 thru 10 = 20Vde 


Breakdown Voltage Vr 1 - 2 thru 10 
TR | - 2 thru 10 = 10 HAdc 


SUBGROUP 3 


Junction Capacitance C) - 2 thru 10 
Vi - 2 thru 10 = 10Vdc, f = 100 kc as 


Reverse Recovery Time pas 
yee ela In 1 - 10 thru 2= rri 10 thru 2 
mAd 
RL = 2.52, Scope Input 
Capacitance ss 4pf) 


Motorola Integrated Circuits 


USN MEZ7 (continued) 


TABLE If GROUP B INSPECTION 


MIL-STD-750 [Limits Max Acc 
Examination or Test Method | Min Max LTPD | Number 


Physical Dimensions 


SUBGROUP I 


SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 


Temperature Cycling 1051 
(T = 175°C) Condition B 


Thermal Shock 1056 
(Glass Strain) 7 Condition A 


Moisture Resistance 1021 
End Points : Same As Subgroup 7 
SUBGROUP 3 


Constant Acceleration 2006 
(10, 000G, Xj, Y) Yo) 


Shock (500G, 1 msec, 5 blows each 2016 
in orientation 


X) Yp Yo. total of 15 blows. ) 


Vibration Fatigue 
(10G) 


Vibration, Variable Frequency 2056 
(10G) 


2046 
Non-operating 


End Points: Same As Subgroup 7 
SUBGROUP 4 (Notes 1, 2) 


Terminal Strength 2036 
(3 leads at random) . Condition E 


_ SUBGROUP 5 (Notes 1, 3) 


Salt Atmosphere (Corrosion) 
UBGROUP 6 


High Temperature Life 
(Ta = 175°C) Non-operating. 


End Points: Same As Subgroup 7 
SUBGROUP 7 


Steady State Operation Life 


I, 1-2 thru 10 ~ 300 mAdc, 


Vr 2 thru 10-1 7 32 V. f 60 cps 
End Points: (Subgroups 2,3,6, and 7) 
Forward Voltage ‘% ; ee 
Ip 2 thru 10-1 — 300 mAde Ve 2 thru 10-1 


Reverse Current 


YR 1-2 thru 10 — 20 Vdc 


TR 1-2 thru 10 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 
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usn ME8 USN ME DTL SERIES wee] 


MIL-M-23700/8 (NAVY) 


CASE 71 
(TO-5) 


Reverse Voltage (Each Diode) 40 


Total Device Current 300 
(Derate 2mA/ C) 


Individual Diode Current 300 
(Derate 2mA/ C) 


Operating Temperature Range -65 to +175 
TABLE | GROUP A INSPECTION (At 25°C) 


MIL-STD-750 ane 
Examination or Test Method | Min | Max | 
SUBGROUP 
Visual and Mechanical Examination 2071 


SUBGROUP 2 


Forward Voltage 
Ino thru 5-1 = 300 mAdc 
le? thru 10-1 * 300 mAdc 
Ipg-2 thru 5 = 300 mAdc 
Ir6-7 thru 10 =290 mAdc 


VFo thru 5-1 
F7 thru 10-1 

V¥6-2 thru 5 

V¥F6-7 thru 10 


Reverse Current 


VRI-2 thru 5 ai Nhe pR1-2 thru 5 2:0 
R1-7 thru 10 = c 1-7 thru 10 2.0 

R2 thru 5-6 ~ 20 Vde R2 thru 5-6 2.0 
VR7 thru 10-6 = 20 Vdc IR7 thru 10-6 2.0 


Breakdown Voltage 
IR1-2 thru 5 = 10 vAdc 
IR1-7 thru 10 = 10 HAdc 
IR2 thru 5-6 = 10 HAdc 
IR7 thru 10-6 = 10 uAdec 


SUBGROUP 3 
Capacitance 
V2 thru 5-6 = See f== 100 kc 
Va th 10-6 = Vdc, f= 100 kc 
Vi-2 thru § = 10 Vde, f = 100 ke 
Vi -7 thru 10 7 19 Vdes f = 100Kc 


VrRi-2 thru 5 


Co thru 5-6 
C7 thru 10-6 
Cy_2 thru 5 
C1-7 thru 10 


Reverse Recovery Time 4031 

Irg-2 thru 5 = 300 mAdc, Ip = 60 mAdc [Condition B 

IF6-7 thru 10 = 300 mAdc, Ip = 60 mAdc| (Except t,, 

Ire thru 5-1 = 300 mAdc, In = 60 mAdc, measured 
Ry, = 2.5, Scope input capacitance at Ip/3) 
ss 4 pf 

I 10-1 = 300 mAdc, Ip = 60 mAdc, 
ant Bt Scope input Capacitance 


trr 6-2 thru 5 
trr 6-7 thru 1 


trr 2 thru 5-1 


s4 pf ter 7 thru 10-1 
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Motorola Integrated Circuits 
USN ME8 (continued) 


TABLE II GROUP B INSPECTION 


MIL-STD-750 


Examination or Test Methed 


SUBGROUP I 
Physical Dimensions 2066 — 


SUBGROUP 2 
Soldering Heat (1 Cycle) 2031 
Temperature Cycling 1051 
(T = 175°C) Condition B 
; 5 
Thermal Shock _ 1056 
(Glass Strain) Condition A 
Moisture Resistance 
End Points: Same As Subgroup 7 


SUBGROUP 3 


Constant Acceleration 
(10, 000G, X, ¥,, Yq) 


Shock (500G. 1 mse4, 5 blows each in orientation 
X Yp Yo: total of 15 biows. ) 


Vibration Fatigue 
(10G) 


' Vibration, Variable Frequency 
(10G) 


End Points: Same As Subgroup 7 


SUBGROUP 4 (Notes 1, 2) 

Terminal Strength 
(3 leads at random) Condition E 
SUBGROUP 5 (Notes 1, 3) 
Salt Atmosphere (Corrosion) 


SUBGROUP 6 
1031 A=20 
Non-operating 


High Temperature Life 


End Points: Same As Subgroup 7 


SUBGROUP 7 
Steady State Operation Life 


Connect pins 2, 3, 4, 5, 6, 7, 8, 9,and 1026 A=20] — 
10 together, connect resistors from pin 6 to 
ground and from pin 1 to ground (0) 
v2-0 = 32 Vac. Ip_g = 300 mA, Ig.) = 300 mA, 
{ = 60 cps (currents are average for 1/2 cycle) 
End Points: (Subgroups 2, 3, 6, and 7) 
Forward Voltage 4011 
IF2 thru 5-1 = 300 mAdc VF2 thru 5-1 
IF7 thru 10-1 = 300 mAdc VF? thru 10-3 
Ip6-2 thru 5 = 300 mAdc VF6-2 thru 5 
IF6-7 thru 10 = 300 mAdc VF6-7 thru 10 
.Reverse Current 4016 


VR1-2 thru 5 = 20 Vde 
VR1-7 thru 10 = 20 Vde 
VR2 thru 5-6 = 20 Vdc 

VR7 thru 10-6 = 20 Vde 


IR1-2 thru 5 
IR1-7 thru 10 © 
IR2 thru 5-6 
IR7 thru 10-6 


NOTE 1. Tests listed in these subgroups are considered destructive. 


NOTE 2. At the conclusion of the testing in subgroup 4, the device shall be examined 
for evidence of mechanical damage. 


NOTE 3. The device shall be examined for destructive corrosion and illegible marking. 


11-112 


Motorola Integrated Circuits 


mc 11171 ptt series 


CASE 71 
(TO-5) 


MC1111 
MC1112 
MC1113 
MC1114 
MC1115 
MC1116 
MC1117 
MC1118 


Monolithic integrated Diode Transistor Logic circuits 
designed to provide all the basic logic functions ina 
digital computer. The MC1111 Series is intended for 
high-speed computer applications with a temperature 
range of -55 to +125°C. 


Recovery Switching Time Power 
t Dissipation 
(mW) 


me n 
Description (nsec) (nsec) 


3-4 Diode AND Gate 
2-2-2 Diode AND Gate 
1-1-1-2 Diode AND Gate 
8-Diode AND Gate 

Dual Inverters 

9-Diode Common-P Gate 
9-Diode Common-N Gate 


16-Diode Series/Parallel Matrix 
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Motorola Integrated Circuits 


MC1111-MC1118 DTL SERIES 
mc litt 
3-4 Diode AND Gate. 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Characters [—somtot | tang 
Forward Current | op | 
Reverse Voltage 


Total Device Dissipation mW 
Derate above 25°C mw/°C 
Resistor Dissipation (Each Resistor) 100 mW 

Derate above 25°C 0.67 mw/°C 


Operating Temperature Range 
Storage Temperature Range -65 to+175 


CIRCUIT SCHEMATIC 


D, D, 
60 O 5 
D, 
Te & 
R, 1K 
D, 
8©O 
O 3 
D, 
90 
Ds 
10Q 
R, S$ 1K 
D, 
10 
D, D, 
20 OC 4 
4 DIODE “AND” GATE 
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Motorola Integrated Circuits 


MC1111 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vdc 

Vp.2 = 10 Vdc 

Vp-4 thru 10 = 10 Vde 


Reverse Current (each diode) 
V1.3 = 10 Vde 
V2.3 = 10 Vde 
V4 thru 10-3 = 10 Vde 


Differential Voltage (Fig. 2) 
Vp-6 = 10 Vdc, Ip.5 = 0.5 mAdc 
Vp.7 = 10 Vdc, Ip.5 = 0.5 mAdc 
Vp.g = 10 Vdc, Ipn.5 = 0.5 mAdc 
Vp-.1 = 10 Vdc, In_g = 0.5 mAdc 
Vp-2 = 10 Vdc, In_4 = 0.5 mAdc 
Vp.9 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-19 = 10 Vdc, Ip.4 = 0.5 mAdc 


V 
Vv 
Capacitance (each diode) Cy, 2, 
V1, 2, 4 thru 10-3 =10 Vdc, f = 100 ke 


Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 1, 2, 9, and 10 to B 


Connect Pin 3 to C, Pin 5 to D, 
alternately connect Pins 6, 7, and 8 to B 


Connect Pin 3 to C, Pin 2 to D, and Pin 4 to B 
Connect Pin 3 to C, Pin 6 to D, and Pin 5 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


p _—:10 Vie TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
52529 ! | 7. DIFFERENTIAL VOLTAGE FORWARD CURRENT 


1% ALTERNATELY ALTERNATELY 
CONNECTATO |6,7,8 | 1,2,9,&10 CONNECT A TO 1, 2, 4 THRU 10 
oS | ES ee A 
T NO CONNECTION TO B 
+ ie wok CONNECT C TO} 3 
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me l112 MC1111-MC1118 DTL SERIES 


2-2-2 Diode AND Gate. 


MAXIMUM RATINGS (Ta= 25°C unless otherwise noted) 


Characteristic Symbol Rating 


Forward Current 20 
Reverse Voltage 10 


Total Device Dissipation 300 
Derate above 25°C 2 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature Range -65 to+175 


CIRCUIT SCHEMATIC 


R, 
D, D, 
~ i ® (1) 4 
D, 
a @ 
R 
D; D, 
7Q O -2 
D, 
8 © 
R, 
D, i D, 
9 © O 1 
D, 
10 Q 
() 
3 


2—2—2 DIODE “AND” GATE 
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MC1112 (continued) 


ELECTRICAL CHARACTERISTICS (ta = 25°C unless otherwise noted 


Characteristic 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vdc 

Vp-2 = 10 Vdc 

Vp-4 thru 10 = 10 Vde 


Reverse Current (each diode) 
V1-3 = 10 Vdc 
V9.3 = 10 Vde 
V4 thru 10-3 = 10 Vdc 


Differential Voltage (Fig. 


2) 


Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-6 = 10 Vdc. Ip_4 = 0.5 mAdc 
Vp-7 = 10 Vdc, Ip_» = 0.5 mAdc 
Vp-g = 10 Vdc, Ip.g = 0.5 mAdc 
Vp-9 = 10 Vdc, Ip. = 0.5 mAdc 


Vp.10 = 10 Vdc, Ip_j = 0.5 mAdc 


Capacitance (each diode) 
V1, 2, 4 thru 10-3 = 10 Vdc, f = 100 ke 


Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 1 to D, 
alternately connect Pins 9 and 10 to B 


Connect Pin 3 to C, Pin 2 to D, 
alternately connect Pins 7 and 8 to B 


Connect Pin 3 to C, Pin 4 to D, 
alternately connect Pins 5 and 6 to B 


Connect Pin 3 to C, Pin 9 to D, and Pin 1 to B 
Connect Pin 3 to C, Pin 7 to D, and Pin 2 toB 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B 


NOTE: Letter subscripts denote test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


10 Vde TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
5259 It DIFFERENTIAL VOLTAGE FORWARD CURRENT 


ALTERNATELY ALTERNATELY 

CONNECT A TO 7,8 CONNECT A TO 1, 2, 4 THRU 10 

comecrero [1 [2 [+] [comcrow [a 
CONNECT C TO EREZEs NO CONNECTION 10 B 


A Cc B 20 K 
1% 
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mc 1113 MC1111-MC1118 DTL SERIES 


1-1-1-2 Diode AND Gate. 


~ 


MAXIMUM RATINGS = (Ta= 25°C) 


Forward Current 20 
Reverse Voltage 10 


Total Device Dissipation 400 
Derate above 25°C 2.67 


Resistor Dissipation (Each Resistor) 100 
Derate above 25°C 0.67 


Operating Temperature Range -55 to+125 


Storage Temperature Range -65 to+175 


CIRCUIT SCHEMATIC 


wo 
co 
~ 
mo 
a 


e e e e e 
D, D, D; D, D, 
R, R; R, R, 
3 
D, B, D, D, 
@ @ ® J 
' 10 1 2 4 


1—1—1-—2 DIODE “AND” GATE 
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MC1113 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


ee Yt [ome 


Forward Current (each diode - Fig. 2) 
Vp-1 = 10 Vdc 
Vp-2 = 10 Vdc 
Vp-4 thru 10 = 10 Vde 


Reverse Current (each diode) 
V1.3 = 10 Vdc 
V9.3 = 10 Vde 
V4 thru 10-3 = 10 Vde 


Differential Voltage (Fig. 2) 
Vp-g = 10 Vdc,In-10 = 0.5 mAdc 
10 Vde,In-10 = 0.5 mAdc 
10 Vdc, Ipn.1 = 0.5 mAdc 
10 Vdc, Ing = 0.5 mAdc 


V 
10 Vdc, Ip-4 0.5 mAdc V4.5 
Capacitance (each diode) 
V1, 2, 4 thru 10-3 = 10 Vdc, f = 100 ke Ci 2, 4 thru 10-3 
Reverse Recovery Time (Fig. 3) 


Connect Pin 3 to C, Pin 10 to D, 
alternately connect Pins 8 and 9 to B 


Connect Pin 3 to C, Pin 1 to D, and Pin 7 to B 
Connect Pin 3 to C, Pin 2 to D, and Pin 6 to B 
Connect Pin 3 to C, Pin 4 to D, and Pin 5 toB 
Connect Pin 3 to C, Pin 5 to D, and Pin 4 to B 
Connect Pin 3 to C, Pin 6 to D, and Pin 2 toB 
Connect Pin 3 to C, Pin 7 to D, and Pin 1 toB 
Connect Pin 3 to:C, Pin 8 to D, and Pin 10 to B 


< 

7 

~J 
now u ott 


NOTE: Letter denotes test circuit connection points. 
Number subscripts denote device pin connections. 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 


5 10 Vee TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
sks mal DIFFERENTIAL VOLTAGE FORWARD CURRENT 


1% ALTERNATELY 
CONNECT A TO 1, 2, 4 THRU 10 
B NOT CONNECTED. aa: 
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mc | | 14 MC1111-MC1118 DTL SERIES 


8-Diode AND Gate. 


MAXIMUM RATINGS = (Ta = 25°C) 


Characteristic 


Forward Current 20 


Reverse Voltage 10 


Total Device Dissipation 100 
Derate above 253°C 0.667 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


D, D, D, D, D, D, D, D, 


3 


D, 


() 4 
8 DIODE “AND” GATE 


11-120 


Motorola Integrated Circuits 


MC1114 (continued) 


ELECTRICAL CHARACTERISTICS (Ta= 25°C unless otherwise noted) 


Caracas [Sabet [ef ex | oo 


Forward Current (each diode - Fig. 2) 


Vp-1 = 10 Vdc 13.4 
Vp-2 = 10 Vde I3_9 
Vp-4 thru 10 = 10 Vde 134 thru 10 


Reverse Current (each diode) 


V3.3 = 10 Vde 1113 
V9.3 = 10 Vde Ip_3 
V4 thru 10-3 = 10 Vde 14 thru 10-3 


Differential Voltage (Fig. 2) 
Vp-5 = 10 Vdc, Ip.4 = 0.5 mAdc 


Vp-6 = 10 Vdc, Ip_4 = 0.5 mAdc 
Vp-7 = 10 Vdc, Ip-4 = 0.5 mAdc 
Vp-g = 10 Vdc, Ip.4 = 0.5 mAdc 
Vp-9 = 10 Vdc, ID-4 = 0.5 mAdc 


Vp-10 = 10 Vdc, Ipn.4 = 0.5 mAdc 
VD-1 = 10 Vdc, Ip-4 = 0.5 mAdc 


Reverse Recovery Time (Fig. 3) 
15 
Connect Pin 3 to C, Pin 1 to D, and Pin 4 to B 15 


Vp-2 = 10 Vdc, Ipn_4g = 0.5 mAdc 
Connect Pin 3 to C, Pin 4 to D, 
NOTE: Letter subscripts denote test circuit connection points. 


Capacitance (each diode) 
V1, 2, 4 thru 10-3 = 10 Vdc, f =100 ke €1, 2, 4 thru 10-3 
alternately connect Pins 1, 2, 5, 6, 7, 8, 9, and 10 to B 
Number subscripts denote device pin connections. 


TERMINAL TEST CONNECTIONS TERMINAL TEST CONNECTIONS 
5259 I DIFFERENTIAL VOLTAGE FORWARD CURRENT 


ALTERNATELY ALTERNATELY 
CONNECT A TO 1, 2, 5 THRU 10 CONNECT A TO 1, 2, 4 THRU 10 


DIFFERENTIAL VOLTAGE AND FORWARD CURRENT TEST CIRCUIT AND TERMINAL CONNECTIONS 
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mc 1115 MC1111-MC1118 DTL SERIES 


Dual high-speed, NPN transistor inverters. 


MAXIMUM RATINGS (Ta= 25°C) 


Characteristic Symbol Rating 


Reverse Voltage 


Total Device Dissipation 250 
Derate above 25°C 1.67 


Individual Gate Dissipation 125 
Derate above 25°C 0.83 


Resistor Dissipation 
R, or Ro 100 
Derate above 25°C 0.67 


R3 or Rq 25 
Derate above 25°C 0.17 


Operating Temperature Range -55 to +125 


Storage Temperature Range -65 to +175 


CIRCUIT SCHEMATIC 


Storage Diode Storage Diode 


D, 


Gnd 


HIGH-SPEED DUAL INVERTER 
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MC1115 (continued) 


ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 


a ee ee 


Static Input Voltage Drop 
14.5 = 35 mAdc, Ig_5 = 1.5 mAdc 
11-19 = 35 mAdc, I9_39 = 1.5 mAdc 


Collector-Emitter Saturation Voltage 
I4.5 = 35 mAdc, Ig_s5 = 1.5 mAdc 
11-10 = 35 mAdc, I9.j9 = 1.5 mAdc 


Base-Emitter Conduction Current 
V7.5 = 10 Vde 
V8-10 = 10 Vdc 


Collector Resistor Current 
V3-4 = 3 Vdc 
V9.1 = 3 Vde 


Collector-Emitter Cutoff Current 
= 10 Vdc, V7_5 = -6.5 Vde 
10 Vde, V7_5 = -6.5 Vdc, Ta =+85°C 


3) 
Vo. 10 =10 Vdc, Vg. 10 = -6.5 Vdc ‘ 
Vo. 10 = 10 Vdc, Vg. 10 -6.5 Vdc, Ta = +85°C 


Reverse Current 
V7.6 = 10 Vdc 
Vg.9 = 10 Vde 


DC Forward Current Transfer Ratio 
0.5 Vdc, 4.5 = 35 mAdc 
0.5 Vdc, I4_.5 = 35 mAdc, Ta, = -55°C 
-) Vdc, Ij_19 = 35 mAdc 
5 Vde, Ij_19 = 35 mAdc, Ty = -55°C 


Turn-On Time (Fig. 2) 
Va.5 = -6.5 Vdc, V3.5 = +3 Vdc, close switch S, Q 
Vg.10 = -6.5 Vdc, Vo_39 =+3 Vdc, close switch So Qo 


Turn-Off Time (Fig. 2) 
V7.5 = -6.5 Vdc, V3.5 =+3 Vdc, close switch 8S; Q, 
Vs-10 = -6.5 Vdc, V9.19= +3 Vdc, close switch S; Qo 


NOTE: Number subscripts denote device pin connections 
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mc 1116 MC1111-MC1118 DTL SERIES 
mc l1l17 
mc | I 18 Multi-diode Gates. The MC1116 is a 9-Diode Com- 


mon-P Gate, the MC1117 is a 9-Diode Common-N Gate . 
and the MC1118 is a 16-Diode Series/Parallel Matrix. 


MAXIMUM RATINGS (All Types at 25°C) 


Characteristic Symbol 


Reverse Voltage (Each Diode) 


Total Device Current 
(Derate 2mA/“C) 


Individual Diode Current 
(Derate 2mA/°C) 


Operating Temperature Range -65 to +175 


MC1116 (common P) 


MC1117 (common N) 
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MC1116, MC1117, MC1118 (continued) 


ELECTRICAL CHARACTERISTICS (Each Diode)-(25°C unless otherwise noted) 


Characteristic 


Forward Voltage 
Ip = 300mAdc 
i 
Reverse Current 
VR = 20Vdc 
pe 
Breakdown Voltage 
Ip = 10 wAde 
Sn ie a ee a ae 
Junction Capacitance 
VR = 10Vdc, f = 100KC 
MC1116, MC1117 


MC1118* 
a 


Reverse Recovery Time 
(Ip = 300mAdc, Ip = 60mAdc, 
Ry, = 2.52, Scope Input Capacitance =4pf) 


* The actual capacitance of the individual diodes in the MC1118 is the same as in 
the MC1116/7. However, the measured capacitance is higher as shown, due 
to the series/parallel effects of the interconnection scheme, 


MC1118 (MATRIX) 


Motorola Integrated Circuits 


uc9Q8 éatios MC908 MILLIWATT RTL SERIES 


The Milliwatt RTL Line consists of seven monolithic, 
integrated Resistor-Transistor Logic circuits. These 
devices are designed for use over the full military 
temperature range of -55 to +125°9C. 


MC908G Adder 


MC909G Buffer 
CASE 96 MC910G Dual 2-Input Gate 
The mW RTL series MC911G 4-Input Gate 
MC912G Half-Adder 
MC913G Type D Flip-Flop 
MC921G Gate Expander 


MAXIMUM RATINGS (Ta= 25°C) 


Characteristic Rating 
Maximum Applied Voltage to pin 8 
(pulsed, <1 sec) 
Maximum Applied Voltage to pin 8 
(continuous) 
Maximum Applied Voltage to any input a ae 


Operating Temperature Range -55 to +125 a 
Storage Temperature Range -65 to +150 


Vat = +1% VRH = +1% 
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MC908 MILLIWATT RTL SERIES 


LOADING DIAGRAM (TOP VIEW) 


= 3.00 VOLTS: 10% ANDT, -55°C to +125°C 


VALID FOR Vo A 


Cc 


MC908G) MC909G 


MC910G MC911G 


MC912G MC913G 
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Mc 908G mW RTL SERIES 
ADDER 


The MC908 is an RTL Adder. The binary half- 
adder function can be performed by connecting pin 1 to 
pin 3 and pin 2 to pin 5. The sum is available on pin 7 
while the carry is available on pin 6. The device may 
also be used as a data selector by connecting pin 1 to 
pin 3 and using pins 2 and 5 as data inputs. A full 
adder can be made utilizing two MC908s andoneMC911. 
Average power dissipation is 1OMW at 25°C. 


ELECTRICAL CHARACTERISTICS 
aE -55| .970 | .935 . 650 | 3. 00] . 500 
Condition: +25 | .805 | .750 | 1.8 | .45013.00|.400 
(Volts) +125| .590 | .555 | 1.8 | .260]3.00|.300 
Veor’ Vi 0 en| —85°C | 25°C na weera 
ie hs PRs a a 


6,7 30 110 
6,7 130 110 
6,7 104 
6,7 104 
308 
418 
418 
220 


220 


Charac- 
teristics 


Input 
Current 


3, 4,5 


1,2,4,5 


1,2,3,4 


Output 
Current 


Saturation Vo CE (6) 220 


Voltage 


220 


nsec 
nsec 


Leakage f1, (8) 
L 
Current 
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MC908G (continued) 
SWITCHING TIME TEST CIRCUIT 
Voc T.P. 1.8V T. P. 
e e e O 
3.6K 
75022 
51 
1N3063 Or 
1.5K Equiv. 
O 2N709 
20pf 
Pulse In 
1N3063 Or 
<< Equiv. 
500 ns 
~ im ~ Ground 
Unused 
Input Pin 
LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 
8 
=a 
6 = ( : 6 = (3.5) = 345 
7 = (1+2) (3+5) 4 4 7 = 1°24+3-5 
POSITIVE LOGIC NEGATIVE LOGIC 
CIRCUIT DIAGRAM 


8O 
Ry 
R, = 1.5K Typical 
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mc909G mW RTL SERIES 
BUFFER 


The MC909 is an RTL Buffer designed to drive a 
greater number of loads than the basic Resistor Tran- 
sistor Logic circuit. Returning an input resistor to 

allows for capacitive coupling in multivibrator 
aNd-differentiator applications. Average power dissi- 
pation at 25°C and 50% duty cycle is 10 mW. 


ELECTRICAL CHARACTERISTICS 


Test -55 | .970 .935 | 1.8 ] . 650 | 3. 00/4. 27KQ 
Condition: +25] .805 .750] 1.8 | .450 | 3. 00) 4.3K2 
(Volts) +125] .590 -555 | 1.8 | .260 |] 3.00/5K2 


Veor> 

fh i a 
p Adc 
pAdc 


Peete Ee 
our our nv 
Your (6) mVde 

VoE (6) mVdc 

VE (6) mVdc 


Leakage 1,5, 6,7 Ges ees 
TL (8) GG 


Switching Pulse 
Time Out 
Turn-On it 
Delay 3+6- 

Turn-Off ty 
Delay 


* Resistor to Vo 


MCS09G 


Charac- 
teristics 


a 
open | —s5°¢ | 25°C [125°C | 
in 


fo] 


fo) 


Saturation 
Voltage 


LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


POSITIVE LOGIC NEGATIVE LOGIC 
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i) 
MC909G (continued) 


CIRCUIT DIAGRAM 


Typical 
Resistors: 


R,= 1. 5K 


Ro = 3.6K 


R, = 1002 


SWITCHING TIME TEST CIRCUIT 


220 2 


Pulse In 
ees i Ke 
| |— 


500 ns aoe ~ 


Ground Unused 
Input Pin 


SWITCHING TIME WAVE FORM 
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uc91QG mW RTL SERIES 


DUAL 2 — INPUT GATE 


The MC910 Dual (2-2) Input Gate consists of a pair of 
NOR Gates. It may also beused as a pair of inverters, 
a double inverter or as an R-S Flip-Flop. Average 
power dissipation at 25°C is 4 mW. 


ELECTRICAL CHARACTERISTICS 
MC910G 


Test -55 . 970 - 935] 1.87.650 | 3.00]. 500 
Condition: +25 . 805 . 750] 1.87.450 7 3. 00]. 400 
(Volts) +125 . 590 ,ooo! 1.817.260 | 3.00]. 300 
Test aus 
Erounded Onen | —55°C | +25°C | +125°C 
Pin | Pin in| as wax i Max 


6,7 130 110 
6,7 130 110 
6,7 130 110 
130 110 
475| 730| 494] 815 | 418] 830 
475| 730| 494] 815 | 418] 830 
2,3,4,5 300 230 
1,3, 4,5 620 300 230 
1,2, 4,5 620 300 230 

1,2, 3,4 6%, 620 300 

1,2, 4,5 220 220 

1,2, 3,4 220 220 

2,3, 4,5 220 220 

Vor (7) 1,3, 4,5 


Leakage 6,7 


Switching Pulse 
Time Out 
Turn-On 
Delay 
Turn-Off 
Delay 


SWITCHING TIME WAVE FORM 


Charac- 
teristics 


Input 
Current 


o Co @ 


Output 
Current 


Th4/'AM (7) 


Ta4//aM (6) 


pe 
co co 


< 


Output 


Voltage OUT (7) 


< 


OUT (7) 


< 


OUT (6) 


< 


OUT (6) 


oo CoC CO @& 


Saturation | V 
Voltage 


CE (6) 


VoE (6) 


Voce (7) 


o co oo 
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MC910G (continued) 
LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


T= 142 7 
6= 345 6 
Positive Logic Negative Logic 
CIRCUIT DIAGRAM 
8 
TC 6 
1 5 
2 3 


4 R,=1.5K 
Ro=3. 6K 
Vee 
Y SWITCHING TIME TEST CIRCUIT 
T.P 


Typical r Resistors 


1.5K 
e 2N709 >» 
Pulse In 1.5K pO, 750 2 
= ie = 
4 
| | 1N3063 20pf S0PE 1N3063 Or 
500 ns Or Equiv. 
Equiv. 
Ground 
Unused 
Input Pins 
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mcQl 1G mW RTL SERIES 
4 INPUT GATE 


The MC911 4-Input Gate provides the NOR function 
on pin 6 and the OR function on pin 7. Average power 
dissipation at 25°C is 4 mW. 


ELECTRICAL CHARACTERISTICS 
Condition: +25 | . 805 1.8 | .450 |3. 00]. 400 
(Volts) +125 | .580 1.8 | .260 |3. 00]. 300 
Veor Vit. GroundedO en|_ —55°C | 25°C |-+4+125°C 
Pin Pin| Pin in | Min 


MC911G 


Charac- 
teristics 


Input 8 4 6,7 
Current 
8 4 6,7 
8 4 6,7 
8 4 6,7 
Output 
Current 
8 
. Ty 4/am (7) 8 


Your (6) 8 2,3, 4,5 
Your (6) 8 1,3, 4,5 
Your (6) 8 1,2, 4,5 
Your (6) 8 1,2, 3,4 
Your (7) 8 1,2, 3, 4,5 


Saturation 
Voltage 


2,3,4,5 


1,3,4,5 


1,2,4,5 


ao &lUhcamhlU® 


1,2,3,4 


1,2,3,4,5 


Switching 
Time 
Turn-On 
Delay 


SWITCHING TIME WAVE FORM 
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MC911G (continued) 
SWITCHING TIME TEST CIRCUIT 


CC MC911G 


T.P. 


e 
1.5K 
O 2N709 — 1.5K = IN 7502 
Pulse In ‘ ) > 
1N3063 20pi 16pf 


. 1N3063 Or 


—-| — Equiv. 79 Equiv. 
500 ns 


Ground 
Unused 
Input Pins 


CIRCUIT DIAGRAM 
8 7 


v Typical Resistors: 
4 R, = 1.5K 
Ry = 3.6K 


LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


8 


T= 14+24+3+5 


6 = 1424+3+5 6= 1-2°3°5 


POSITIVE LOGIC NEGATIVE LOGIC 
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mc912G mW RTL SERIES 
HALF-ADDER 


The MC912 is an RTL Half-Adder. By applying the 
complement of pins 1 and 2 to pins 3 and 5, the SUM 
and NOT SUM functions of a binary half-adder are pro- 
duced on pin 7 and 6 respectively. Average power dis- 
Sipation at 25°C is 8 mW. 


ELECTRICAL CHARACTERISTICS 
| lee -55 | .970 EIR .650 [3.00]. 500 
Condition: +25 | | 805 1.8 |. 450 |3,00]. 400 
(Volts) +125 | _590 1.8 | 260 |3.00|.300 
Veor Vit Open| —55°C | +25°C |4+-125°C | 
i ra ‘Pin in nin] nei Max 


6,7 130 110 


MC9126 


teristics 


Current 


6,7 130 110 


6,7 130 110 


oo 7o Co @ 


Output 
Current 


Switching 
Time 


Turn-On 
Delay 

Turn-Offit 
Delay 


1-6% 


8 
1 7 
2 6 
7 = (1+2) (3+5) 3 3 5 T= 1-24+3-5 
6 = 1°243-5 4 6 = (1+2) (8+5) 
POSITIVE LOGIC NEGATIVE LOGIC 
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MC912G (continued) 
CIRCUIT DIAGRAM 
8 
, e 
7 
07 
OR ; 
Ri 
of Ql 
20 
R, 04 
30 
Typical Resistors: 
R, R, = 1.5K 
1 
Hye Ro = 3.6K 
SWITCHING TIME TEST CIRCUIT 
Voc 


1.5K 
O 2N709 1.5K 
Pulse In 6pf 
FA... owe 750 Q 
e 
20pt a 
ale 1N3063 ; 1N3063 Or 
Or Equiv. 
500 ns Equiv 
ie —_ — A —_ 
Ground 
aay Unused 
Input Pins 


SWITCHING TIME WAVE FORM 
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uc913G mW RTL SERIES 
FLIP-FLOP 


The MC913 RTL Type D Flip-Flop is a storage ele- 
ment that stores the state of pin 2 during negative tran- 
sitions of pin 1. Theflip-flopis notaffected by changes 
of pin 2 during either the low or high state of the clock. 
Using pins 3 and 7 as inputs produces a standard R-S 
flip-flop. Average power dissipation at 25°C is 12 mW. 


LOGIC SYMBOLS AND FUNCTIONS (PER MIL-STD-806B) 


DIRECT inpuT ") GATED Input °) 
t=n tan+l1 

3. 7 6 5 2. 6 5§ 

L ~L ne nc H H L 

L H L 4& L Lu 

H LH UL 1. PIN 1 MUST BE HIGH 

H H Ls 2. NC = NO CHANGE r 

3. PINS 3 AND 7 MUST BE 
LOW 


CIRCUIT DIAGRAM 


Re 


mS Py | 
: ees | 


z 
ecemteuen 


TYPICAL RESISTORS: R, =1.5K R, =180 2 


1 
Ro =3.6K R, =480 2 


e 
i) 


) 
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. 


MC913G (continued) 


ELECTRICAL CHARACTERISTICS 


Test -55 
Condition: +25 
(Volts) +125 


MC913G 


eroundes Op Soe | +25°C | +125°C | 


Charac- 
teristics 


Input 
Current 


Output 
Current 


Output 
Voltage 


Your (5) 
Vour (6) 


2,3, 4,7 


Vout (5) 


Vout (6) 2,3,4,7 


Saturation 
Voltage 


Leakage 
Switching 
Time 


: 


* The voltage applied to pin 1 will change from Vet to specified value prior to making measurements. 


** Tie Pin 2 to pin 5. 
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MC913G (continued) 
SWITCHING TIME TEST CIRCUIT 
Voc F (tosi-, ea t1-2-, 41-2, 
3.6K c - 
1.5K 5 TP 
° 2N709 ° 
Pulse 1 20pf 
3.6K | 
> 51 
1.5K — bn daa 
° 2N709 1.5K 20pt ee 
Pulse 2 : 
Variable Delay Be- as 
tween Pulse 1 and E e 
Pulse 2 quiv. 
SWITCHING TIME TEST CIRCUIT 
V O 
cc | 
(tg, tig. 1-54, t1-5-) 
T.P. 
3.6K a . 8 
b/ e 
1.5K aT 
2 sl 6 
e 2N709 e ~ T e 
Pulse In 


1.5K 
a 


1N3063 
20pf 8pf OF 
Equiv. 
Ground 
Unused 
= = O = Input Pins = 
T.P. 


SWITCHING TIME WAVE FORM 


100 ns 
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uc921G mW RTL SERIES 
GATE EXPANDER 


The MC921G Gate Expander is designed to increase 
the fan-in capability of the MC910 and MC911 Gates. 
Average power dissipation is considered negligible. 


ELECTRICAL CHARACTERISTICS 
Test -55|.970]. 935) 1.8 |} .650] .300] 4. 27K2Q2/2.8K2 
(Volts) +125 "5901. "555 1. 8 "260 "300 5KQ 3KQ 
a renanee One are are C} -+125°C 
Pin | Pin a ei i ed 


130 110 


MC9216 


Charac- 
teristics 


Input 
Current 


110 
110 
110 


6 620 300 230 
6 620 300 230 
7 620 300 230 
7 620 300 230 


7 220 220 220 


Output 
Voltage 


Vout (7) 


Vout (7) 1,3, 4,5 


Your (6) 1,2,4,5 


Your (6) 1,2,3,4 


Saturation 
Voltage 


1,2, 4,5 


1,2,3,4 1 220 220 220 


2,3, 4,5 6 220 220 220 


1,3, 4,5 


* Resistor to Voc 


NOTES FOR THE USE OF THE MC921G 


1. The input loading factor of the expanded gate is 1. 33. 

2. Pin 8 of the MC921G must be connected to V 

3. The output loading factor of the expanded gate 1s 
decreased 0. 5 load for every added node. 
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MC921G (continued) 


USE OF GATE EXPANDER 


GATE GATE 
EXPANDER EXPANDER 
MC921G MC921G 


CIRCUIT DIAGRAM 


R, = 1.5K 
Typical 
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mc400 series TTL SERIES 


Monolithic integrated Transistor-Transistor Logic 
circuits for high-speed logic applications requiring 
high fan-out into high-capacitance lines. The MC400 
Series operates over the full military temperature 
of -55 to +125°C. 


Series MC400 T2L Circuits FAN-OUT baie ia get a — 


MC401 8-Input NAND/NOR Gate 


30 nsec 15 nsec 


MC402 Dual 4-Input NAND/NOR Gate 30 nsec 15 nsec 


MC400 TTL SERIES 


8-Input Transistor-Transistor Logic NAND/NOR 
Gate. 


8-INPUT NAND/NOR GATE NOR GATE 


14 When Vy = logical "0" 


12=14+2+344+7+849410=NOR 


OW Osborn 


NAND GATE 


When Vy = logical "1" 


COm-3 ooh 


12= 1° 2-3-4 5°6° 7-8: 9-10 = NAND 


COm-DhOON9* 


-_ 
Ow 


11 
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MC 401 (continued) 


ELECTRICAL CHARACTERISTICS 


Output "On" Voltage 
Lo = 20 mA 


V1» Vo» Va Vgs Vi2Va1Vo and Vi0 = 2.0V 


Output "Off" Voltage 
Tio =-2mA 
V ’ V, ’ ? ,) = 
1 A V4 Vv, Var Vg OF Vig 0.8 V 
Unused pins = open 
Input Leakage Current 


VV Ve 42 Vy Var Vo or Vi0 =4.5 V 


All unused pins at 0 


Grounded Input Current 


Vie Vo »Va,Vy, »V,» Vo; Vo or Vio = 0V 


Grounded Output Current 


Vy Vo Var V 4’ Vi V 
Power Drain 
Vy) eee oe or Vi0 =0O0V 


Vy Vor Vg, V 4s Vip Vg, ¥g> and Vig = open 


3’ V9 and Vi0 »Vi9= 0V 


Switching Characteristics 


Fan-Out 1 and 15 (worst Case) 


Storage Time 
Co = 150 pf 
Co = 600 pf 


Rise Time 
Co 600 pf 


Delay Time 
Co = 150 pf 
Co = 600 pf 

Fall Time 


Co = 150 pf 
Co= 600 pf 
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MC400 TTL SERIES 


Dual 4-Input Transistor-Transistor Logic NAND/ 
NOR Gate. | 


CASE 83 


ELECTRICAL CHARACTERISTICS 


Output "On" Voltage 
I, = 20 mA, Vy V 


Lo = 20 mA, Ve 


12” V43 and V4 = 2.0V 


Via Vg and Vo = 2.0 V 


Output "Off" Voltage 


I, = -2 mA, Vy» Vio V3 and Vi4 =0.8V 


Lo = -2mA, Va» Va» Ve and Vg =0.8 V 


Input Leakage Current 
Vy Vi Vi3 or Viae 4.5 Vde 
Ver Va Vg or Vo = 4.5 Vdc 
All unused inputs at 0 V 


Grounded Input Current 
Vy Vie V43 or Vi4 = 


Vee Va? Vg: or Vo =0V 


OV 


Grounded Output Current 


Vir Vio Vyg and V4 = 


Veo Va» V2 and Vo = 0V 


0V 


Power Drain 


Var Vio Vag or Vi4 and Veo Var Ve or Vo =0OV 


V,,V,5V4. and V,, and V,,V,_, V,and V 


1’ 12’ “13 14 6’ 7? 8 meas 
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MC402 (continued) 


SWITCHING CHARACTERISTICS 


Storage Time 
C,, = 150 pf 
Cy = 600 pf 


Rise Tim e 
Ce = 150 pf 
Cy = 600 pf 


Delay Time 
C5 = 150 pf 
Cy = 600 pf 


Fall Time 
C —7 150 pf 
C — 600 pi 


peat Gombe, 


Characteristic _ Min | Max unit 


Fan-Out = 1 and 15 (worst case) 


Motorola Integrated Circuits 


DUAL 4-INPUT NAND/NOR GATE 


NOR GATE 
When Vy =logical "0" 
re 


=1+12+13+14=NOR 
=6+7+8+9 =NOR 


NAND GATE 
When Vj; =logical "1" 


=1° 12° 13° 14=NAND 
=6- 7- 8- 9=NAND 
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MOTOROLA LINEAR CIRCUITS 


Linear Integrated Circuits 

MC1110 Emitter-Coupled Amplifier 

MC1513F A/D Ladder Network 

MC1519 Wideband Differential Amplifier 

MC1524 1 W Power Amplifier 

MC1525 NPN Differential Amplifier 

MC 1526 NPN Darlington-Input Differential Amplifier 
MC1527 PNP Differential Amplifier 


MC1528 PNP Darlington-Input Differential Amplifier 
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LINEAR CIRCUIT SERIES G,=22db @ 100 Mc. 
mc 1110 NF = 6 db @ 100 Mc 


Emitter-coupled, integrated circuit linear amplifier 
for IF and RF applications. Frequency range is DC to 
300 MC. 


MAXIMUM RATINGS (at 25°C ambient) 


Characteristic | 


Power Supply Voltage 10 
Power Supply Voltage 14 


Total Power Dissipation 0.5 
(Derate 5 mW/°C above T, = 25°C) 


Operating Temperature Range T; -55 to+125 
Storage Temperature Range -65 to+ 200 


Maximum Input Level (RMS) 2 


CIRCUIT SCHEMATIC 


SHORT CIRCUIT ADMITTANCE TEST CIRCUIT 
(GENERAL RADIO 1607 A BRIDGE) 
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MC1110 (continued) 


ELECTRICAL CHARACTERISTICS ‘(AtTa = 25°C unless otherwise noted) 


| Characteristic symint] in| typ [max | Unit | 


DC CHARACTERISTICS 


Input Leakage Current 
(V3 = 5 Vde; I5, I7, Ig = 0) 


Output Leakage Current 
(Vx = 5 Vdc; I), Iz, I5 = 0) 


Operating Current 
(Veco = § Vdc, Ver =-4,7 Vdc, Vin = 0) 


Input Operating Current 
(Voc = 5 Vde,V.7 =-10 Vde, Vin = 0) 


Reference Operating Current 
(Voc = 5 Vde,V,, 


p= 710 Vde, Vin = 0) 

Current Balance 
(Veg = 5 Vdc, Vip = -10 Vde, Vin = 0) 
(Voc = 5 Vde,VEE = -1 Vde, Vj, = 0) 


Large Signal Transconductance 
(Vcc =5 Vdc, Ver = -4 Vdc, AV;,, = 50 mV) 


SMALL SIGNAL CHARACTERISTICS 


Small Signal Current Gain 
(Voc = 5 V, Ip = -4mA,f = 100 mc) 


Short Circuit Admittances 
(Voc =§ V, VRE = -4V,f = 100 mc) 
Input Admittance 
Reverse Transfer Admittance 
Forward Transfer Admittance 
Output Admittance 


Transducer Power Gain 
(Voc = 5V, Veg = -4V,f = 100 mc, BW = 3 mc) Figure 20 
(Vcc = 5V, Ver = -4V,f = 200 mc, BW = 6 mc) Figure 21 


Noise Figure 
(Vcc = 5V, VEE = -4V,f = 100 mc, R. 
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Motorola Integrated Circuits 


100 MC POWER GAIN TEST SET 


+Voc 
( FT 
“© .) 
SHIELD 3 7 


MC1110 


=. BYPASS 


C 


pi s T C, 
R. = 50 2 
—— aia 3dbPAD + 
BOLOMETER 
®@ 
9 a —— 
FT 


Re — 509) C, C, L, 5 S 
@ —Vee 
100 MC (~~) BYPASS 

COMPONENT VALUES ow 
C,,C, | VARIABLE CERAMIC CAPACITOR 9-35 uf 
Cc, VARIABLE CERAMIC CAPACITOR 5.5-18 put 
C, VARIABLE CERAMIC CAPACITOR 2-8 pyf 
C,,C, FIXED MICA CAPACITOR 50 put 
FT ALL FEED THROUGH CAPACITORS 1200 pf 
Bypass CAPACITORS, DISC CERAMIC 0.1 wf, 75 Vde 
L, INPUT INDUCTOR, 0.15 uh Q > 50 
L, OUTPUT INDUCTOR, 0.25 nh Q > 50 
Veo = 5.0 Vde 
Veg = —4 VOLTS 

200 MC POWER GAIN TEST SET 
RFC FT 
+Vec O — C, 
Tr L = 
= C; 
0 O 
ae ee aa = R, = 502 
C; 1 J mc11¥0 2? 3db PAD +- 
O BOLOMETER 
—-<: Nae a, ~~ _ ~ GNb. sHieLD ~ 
~ L a 
Re 50 2Q 5 i} 5 FT a a 
: 2] = @ —Vee 
200 MC -L) 

COMPONENT VALUES 
C,,C, | VARIABLE CERAMIC CAPACITOR 5.5-18 put 
C,,C,; VARIABLE CERAMIC CAPACITOR 2-8 nyt 
C, FIXED MICA CAPACITOR 300 put 
FT ALL FEED THROUGH CAPACITORS 1200 puf 
BYPASS CAPACITORS, DISC CERAMIC 0.1 uf, 75 Vde 
L, INPUT INDUCTOR 30 nhy Q > 100, 27 #16 AWG 4%” FORM 
L OUTPUT INDUCTOR 50 nhy Q > 100, 4T 16 AWG %4” FORM 
RFC JEFFERS MOLDED CHOKE 0.68 yh 
Vec = 5:0 Vde 
Vez = —4 VOLTS 
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MC1110 (continued) 


INPUT ADMITTANCE versus EMITTER CURRENT 


2 
~d 
on 


-— 
wn 
So 


1.25 


1.00 


0.75 


INPUT CONDUCTANCE (mmhos) 


0.50 


Ig, EMITTER CURRENT (mA) 
FORWARD TRANSFER ADMITTANCE versus FREQUENCY 


Gn, By, 
70 


Ves = 5.0 VOLTS 


4.0 mA 


CONDUCTANCE or SUSCEPTANCE (mmhos) 


1000 


10 2Q 4060 100 200 400 


f, FREQUENCY (mc) 
FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 


0 
1.0 5.0 


100 Mc Y;, 


Vea = 5.0 VOLTS 


CONDUCTANCE (mmhos) 


4.0 
lg, EMITTER CURRENT (mA) 


FORWARD TRANSFER ADMITTANCE versus EMITTER CURRENT 
Gn 


200 MC Y,, 
Ves = 5.0 VOLTS 


CONDUCTANCE (mmhos) 


le, EMITTER CURRENT (mA) 


INPUT SUSCEPTANCE (mmhos) 


Motorola Integrated Circuits 


SUSCEPTANCE (mmhos) 
OUTPUT CONDUCTANCE (mmhos) CONDUCTANCE or SUSCEPTANCE (mmhos) 


SUSCEPTANCE (mmhos) 
OUTPUT CONDUCTANCE (mmbhos) 
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OUTPUT CONDUCTANCE (mmhos) 


REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 


4.0 6.0 


ley EMITTER CURRENT (mA) 
OUTPUT ADMITTANCE versus FREQUENCY, 


2 
— 


OUTPUT SUSCEPTANCE (mmhos) 


TIN Lt eect 

f 

TE UE VAT 

) 
UT AM CU 
UM LUI tee, I 

. A) »p” 

Recall! 

0. 610 


5. 20 4060 100 200 400 
f, FREQUENCY (me) 


OUTPUT ADMITTANCE versus EMITTER CURRENT 


= 
—) 


0 
1000 


1.0 


Ig, EMITTER CURRENT (mA) 
OUTPUT ADMITTANCE versus EMITTER CURRENT 


Ie, EMITTER CURRENT (mA) 


OUTPUT SUSCEPTANCE (mmhos) 


QUTPUT SUSCEPTANCE (mmhos) 


MC1110 (continued) 
100 MC NOISE FIGURE vs. SOURCE RESISTANCE 


15 
Vee = 5 VOLTS 
Ta = 25°C 

3 
~ 10 
[4 
> 
2 
ve 
tad 
2 
(=) 
= 
w 5 


400 600 8001000 2000 


Rs, SOURCE RESISTANCE (OHMS) 


OPTIMUM NOISE FIGURE, OPTIMUM 
SOURCE RESISTANCE AND AVAILABLE POWER 
GAIN versus FREQUENCY 


15 3K 


2K 


NF NOISE FIGURE (db) 


1K 


AVAILABLE POWER GAIN FOR R; = Rgo (db) 
Rso, OPTIMUM SOURCE RESISTANCE (ohms) 


ad ey 0 
10 20 30 40 60 80100 200 300 
f, FREQUENCY (mc) 
INPUT ADMITTANCE versus EMITTER CURRENT 
G,, B,, 
1.75 7.0 
col a 
=m 150 = 
eo t~] 
< Ves = 5.0 VOL ae ae — 
— 1.25 — TS 5.0 & 
uw w 
2 1.00 2 
«x . 
& 0.75 3.08 
F=4 a 
= —_ 
= 0.50 é 
0.25 1.0 
0 2.0 4.0 0 8.0 10 
1,, EMITTER CURRENT (mA) 
INPUT ADMITTANCE versus FREQUENCY 
G,, Bu 
3.5 14 


a 


Vea == 5.0 VOLTS 
1, = 4.0 mA 


1 Yl 
EM EA red 
IE EET TAT 

a 
a a utili 
ee | LI) 


5.0 10 20 4060 100 200 400 ran 
f, FREQUENCY (mc) 


12 


2.5 


° 
INPUT SUSCEPTANCE (mmhos) 


Mad 
o 


i) 
nn 


— 
o 


INPUT CONDUCTANCE (mmhos) 


° 
in 


2.0 
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GAIN CONTROL CHARACTERISTICS 


05 1.0 5 
lg, EMITTER CURRENT (mA) 


200 MC TRANSDUCER POWER GAIN (Gr) 
versus POWER DISSIPATION 


20 = —— 
ie 


(G;) POWER GAIN (db) 


0 20 30 40 60 70 80 
TOTAL POWER mise eariol ( milliwatts) 


REVERSE TRANSFER ADMITTANCE versus EMITTER CURRENT 


“pomere T T 
7 


$0 100 


0.3 
Veg = 5.0 VOLTS 


0.2 


0.1 


CONDUCTANCE or SUSCEPTANCE (mmhos) 


"6.0 
I, EMITTER CURRENT (mA) 
REVERSE TRANSFER ADMITTANCE versus FREQUENCY 
Gia, B,, 


0.7 


S 
a 


Ves = 5.0 VOLTS 


Filet te ty 


0.5 


0.4 


0.3 


0.2 


0.1 


CONDUCTANCE or SUSCEPTANCE (mmhos) 


Ae 
SU EA Ly 


cathode 
10 20 4060 100 a0 i. 
f, FREQUENCY (mc) 


1.0 1000 
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mc 1513F LINEAR CIRCUIT SERIES 


Pp = 500 mW 
1% ratio tolerance 


Analogue/digital ladder network of thin-film resis- 
tors on passivated silicon for application as a binary 
reference voltage divider. 


MAXIMUM RATINGS (At 25°C) 
Applied Voltage 30 Vdc 
Power Dissipation, Total 500mW 
(derate 3. 3mW/°C above 25°C) 
Power Dissipation, Each Resistor 100mW 
(derate 0. 67mW/°C above 25°C) 


Operating Temperature Range -55 to +125°C 
Storage Temperature Range -65 to +175°C 


ELECTRICAL CHARACTERISTICS (At 25°C) 


Characteristic 


2°"3 
Ratio Temp. Tracking 
(-55 to +125°C) 


Resistance Temp. 
Coefficient 
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CUIT SERI Aaa = 67 d 
mc 1519 LINEAR CIR SERIES pm pals 
CMR = 89 db 


BW = 0.7 Mc 


Integrated circuit wideband differential amplifier 
eee NPN inputs and PNP outputs. 


CASE 71 
(TO-5) 


MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 


Power Supply Voltage 
Power Supply Voltage 


Differential Input Signal 


Total Power ar aa mW 
Derate above 25°C mw/°C 

Operating Temperature Range 

Storage Temperature Range 


CIRCUIT SCHEMATIC 


1 O Vee 
9 3 
A A 
10 2 
@ e 
4© D8 
2 5 
6 CO 
WIDE BAND DIFFERENTIAL AMPLIFIER : 
5400 
D7 
— Vee 
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MC1519 (continued) 


ELECTRICAL CHARACTERISTICS 
—(€ Vee= +12 Vde, Ver= —12 Vde, Ta = 25°C unless otherwise noted) 


Differential Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


Single Ended Voltage Gain 
Circuit A (CE) 
Circuit B (CC) 


Maximum Output Swing 
Circuit A (CE) 
Circuit B (CC) 


Input Offset Voltage 
Circuit A (CE) 
Circuit B (CC) 


Input Offset Voltage Drift 
Circuit A ice 
Circuit B (CC 


Input Offset Current 
Circuit A (CE) 
Circuit B (CC) 


Input Current 
Circuit A (CE) 
Circuit B (CC) 


Common Mode Rejection 
Circuit A (CE) 
Circuit B (CC) 


Bandwidth - 3 db 
Circuit A (CE) 
Circuit B (CC) 


Differential Input Impedance 
Circuit A (CE) 
Circuit B (CC) 


Single Ended Output Impedance 
Circuit A (CE) 
Circuit B (CC) ° 
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MC1519 (continued) 


CIRCUIT B. COMMON COLLECTOR OUTPUT 


DIFFERENTIAL INPUT IMPEDANCE AND 
SINGLE ENDED OUTPUT IMPEDANCE 


Z,,: WHEN R;, SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 1 


Rin = fin 


Zour: WHEN Rou SWITCHED INTO CIRCUIT THE OUTPUT CHANGE SHALL BE 6 db. 
TH 


EN Rout = Zout 


102 Z_ = IOMEGOHMS 


Vs INCREASED UNTIL Vo REACHES FULL CUTOFF. > 


INPUT CURRENT A! le 
INPUT OFFSET CURRENT A ty — In 


Motorola Integrated Circuits 


CIRCUIT A COMMON EMITTER OUTPUT 


R, = 100K POT <> 
R, SET FOR 
Vojem) = 0@ 25°C 


DIFFERENTIAL VOLTAGE GAIN 
SINGLE ENDED VOLTAGE GAIN AND BANDWIDTH 


V; = 1.0mVims 


102 OUTPUT 
A 


Vos 
= L Aaa @f = he: Aug © VW, = “24 M08 
2. Ay @f = 1 ke and Bandwidth: Ay & e 
Vs Yo 
Vie VswhenVo 0 
Vs 1S CALIBRATED VARIABLE DC MILLIVOLT SCURCE 
WITH OUTPUT IMPEDANCE OF 100 
CMrey A-20L08 Aia/Aa Aes By, Peay 
Vou (mas} = +4,4V 
re) v 
Vou tin) = —6.3V ; 


A Vos RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
+4410 —6.3V 
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MC1519 (continued) 


App, DIFFERENTIAL MODE GAIN 


INPUT OFFSET CURRENT (,cAdc) 


le, 


A,. VOLTAGE GAIN (db) 


Motorola Integrated Circuits 


EFFECT OF TEMPERATURE ON CIRCUIT B CHARACTERISTICS 
>6V AT 125°C 


R, SET FOR V3.cu; 


DIFFERENTIAL MODE GAIN 


PEE EE 


25 55 85 125 
T,. TEMPERATURE (°C) 


ey el 


INPUT OFFSET CURRENT 


— — 


JERR GHEREEEE 
—55 —25 0° 85 125 
Ta, TEMPERATURE (°C) 


CIRCUIT A BANDWIDTH 


ea ll 
Po TT ONE EET 
FECES 


ey eee TE NET 
Serco SS 
ees AAT ee 


 KELUITE 
HN 


05 10 2. 50 8610) =620 
f. FREQUENCY (mc) 
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Vio. INPUT OFFSET VOLTAGE (MV) 


Iq. INPUT CURRENT (Adc) 


VOLTAGE BETWEEN PING and PIN? (VOLTS) 


INPUT OFFSET VOLTAGE 


| CEC CECE 

| aE BRE aes 
| PCH 
RRRR ES Zee esas 
| ppp 


-55 —25 0 25 55 85 125 
Ta. TEMPERATURE (*C) 


INPUT CURRENT 


“SCRE yet 
SSP slealedle el se ibe 
ESSA hae je laleey 
EERERHCRR SUR EEE 
epee EL eee 
feo oor aE Fee De desea 
RENE RRRRRSRERESE 
felled ruleset ola le 


60 


40 


—55 —2 0° 25 55 85 125 
Ta. TEMPERATURE (°C) 


CURRENT SOURCE BIASING 


18 20 


0 2 4 6 8 0 12 #16 
CURRENT AT PIN 7 {MILLIAMPERES) 
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THD = 0.6% Typ 


MC T 524 LINEAR CIRCUIT SERIES Z, = 16 — 1000 
| Ay = 10, 20 or 30 


CASE 71 


(TO-5) Integrated circuit 1-W audio power amplifier. 


MAXIMUM RATINGS (ta= 25°C unless otherwise noted) 


a ee 
Trersemvome | Yes | 
[Pewersaonvome | Yee [ 


Maximum Audio Output Power Pout(max) 1.0 Watt 
. (Ta = -55°C to +125°C) 


CIRCUIT SCHEMATIC 


— 


+Vcc 


OUTPUT 


Vee 


LINEAR POWER AMPLIFIER 
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MC1524 (continued) 


ELECTRICAL CHARACTERISTICS (Veco = +6V, Vee= —6V, Ty = 25°C.) 


Maximum Peak-to-Peak Output Voltage 
for THD < 3% @ 1 ke 


Voltage Gain @ 1 ke 


Input Impedance @ 1 ke 
Output Impedance @ 1 ke 
Bandwidth 


Typ 


an 
age 


37.9 
20.0 
11.5 


3 } w 
3 Sf A 
nie Flele re 
bad 
oS 


340 


Zero Signal Current Drain 
(Each Supply) 


Low Level Total Harmonic Distortion @ 1 ke 
50 mVrms in 


_ 
ele} il 


s 2/8 8 2/8 8 8 


AC COUPLED CIRCUIT DC COUPLED CIRCUIT 


Veo= +6V 15 pf Veo = +6V 15 pf 


Vee= —6V 


Cz APS 10 yf (NON-POLARIZED) — = , = 
1 K&2 FEEDBACK SHOWN 


= 1 KQ FEEDBACK SHOWN 
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MC1524 (continued) 


Pout, OUTPUT POWER (mw) 


Notes: 


1) R,, should be greater than 5 ohms for dc stability. 
2) Power supplies should be balanced, have low 
source impedances, and should be turned on and off 
simultaneously. (See fig. 6 for Standby Current vs. 
supply unbalance.) 
3) Capacitors C, and C, provide high-frequency 
stability. For most loads, at temperatures below 
70°C, C, may be omitted. 
4) Low frequency rolloff of AC coupled circuit is 
determined by C, and C.. Fig 1 is recommended for 
loudspeaker loads because of DC stability intro- 
duced by Co. 
5) Open loop operation is not recommended. Feed- 
back taps are connected as follows : 

Feedback Tap Pin Connection 


| 1Ko | 8 to C, (AC) or ground (DC) 
| 5000 | 9 to C. (AC) or ground (DC) . 


T2509 | 8 to 10; 9 to C. (AC) or ground (DC) 


Motorola Integrated Circuits 


TOTAL HARMONIC DISTORTION AT 1 KC 


2.0% 


TOTAL HARMONIC DISTORTION 


LAT | optux dour rower] || 


\ 25092 FEEDBACK 
6 VOLT SUPPLIES 


\— 5000 FEEDBACK 


Be ed 
a 
\ 
AL [ oti otpurronn 
ANE Vp aearecmior | 
1% 
NG 
TNA ote fT 
PASS 

Fa 


— eS ee ee eee eee ee 
SS SS SS 


0 10 2 30 4 50 60 8670) = (80 


$0. 100 
Ry, LOAD RESISTANCE (ohms) : 


STANDBY CURRENT VARIATION DUE TO SUPPLY UNBALANCE 


Weg: (Adc) 


Nee 


MAXIMUM AVAILABLE OUTPUT POWER 


0 10 = 20 


30 4 50 60 70 8 9 


Rt, LOAD RESISTANCE {ohms} 
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A,, VOLTAGE GAIN 


| Yec (mAdc) 


Vee = 6 V CONSTANT 


AHN eee =n 


i 
|| [Ababa te] NL 
SPCR NT 
HORE ECE HT 


| auaieeteuaata 
WAC rn TW 
ALICE TLaIEIT 


0 
10 1KC 10KC 100 KC 1MC 
f, FREQUENCY (cps) 
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MC1524 (continued) 
DC TRANSFER CHARACTERISTICS VOLTAGE GAIN versus TEMPERATURE 
2500 FEEDBACK TAP ’ 
7 
ee Le Sey ee ees 
ae 
Ree ae Bi 
Py ee 
+0.2 a a 
6a 
a 0 
0.1 
-0.2 b= : 
03 Ei 
ne aes 
by ie a RARER 
-06 HE EERER EES 
—55 —25 0 +25 +55 +85 +125 
Ta, AMBIENT TEMPERATURE (°C) 
50092 FEEDBACK TAP 


3 
od 
| 
—55 —25 0 +25 ~ +55 +85 +125 
T,, AMBIENT TEMPERATURE (°C) 
1KQ FEEDBACK TAP 


A Ay, db 


+25 +55 “85 +125 


Ts, AMBIENT TEMPERATURE (°C) 


11-161 


7 Motorola Integrated Circuits 


mc 1525 LINEAR CIRCUIT SERIES Aus = 65-140 
Vio — 5.7 mV 
mc 1526 CMR = 80 db 


BW = 0.3-1.4 Mc 


mc 1527 
mc 1528 


MC1525 DIFFERENTIAL AMPLIFIERS MC1527 


MC1526 DARLINGTON INPUT DIFFERENTIAL AMPLIFIERS MC1528 


Integrated circuitcomplementary differential ampli- 
fiers designed to permit direct-coupled cascading for 
CASE71 CASE 72 applications requiring extremely high gain. 

(TO-5) 


MAXIMUM RATINGS (Ta= 25°C unless otherwise noted) 


Teme [om ge Sa 
Duress tse | Yn |? | YE 
Tstg ss ° 


t5 
Operating Temperature Range -55 to+125 a ae 
Storage Temperature Range i, cette | - 65 to+175 a ae 


Total Power Dissipation 
Derate above 25°C 


DIFFERENTIAL VOLTAGE GAIN SINGLE - ENDED VOLTAGE GAIN 


f=lke V, = 10 m¥rms f= lke V; = 10 mVrms 


Vou — Vos 
V, 


Aga AVo/Vi = 
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MC1525, MC1526, MC1527, MC1528 (continued) 


ELECTRICAL CHARACTERISTICS 


[characwistc | Fgno] Symtot | win toca] Mar | 


Differential Voltage Gain 5, 15 Aqg 
MC1525, MC1527 -50 
MC1526, MC1528 75 
Single Ended Voltage Gain 
MC1525, MC1527 
MC1526, MC1528 
Output Voltage, Common Mode | 7, 16 }Vo(cm) 
All Types 
Maximum Output Swing Vip-p) 
All Types 
AC Uhbalance mV(,_ 


Input Offset Voltage 
MC1525, MC1527 
MC1526, MC1528 


Input Offset Current 
MC1525, MC1527 
MC1526 
MC1528 


Input Current 
MC1525, MC1527 
MC1526 
MC1528 


Bandwidth 
MC1525, MC1527 
MC1526 
MC1528 


Differential Input Impedance 
MC1525, MC1527 

MC1526 
MC1528 


Vo 


V5 = Vs when Vo = 0 


AMMETERS INPUT CURRENT 1 “A! 
WITH OUTPUT IMPEDANCE OF 500. F =" INPUT OFFSET CURRENT A Ia — Ip 


Vemimin| Vg IS CALIBRATED VARIABLE MILLIVOLT SOURCE 
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MC1525, MC1526, MC1527, MC1528 (continued) 


MC1527 


MC1526 
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MC1525, MC1526, MC1527, MC1528 (continued) 


OUTPUT VOLTAGE — COMMON MODE MAXIMUM OUTPUT SWING 


Vom lenin) 


> Vs INCREASED UNTIL Vo REACHES FULL CUTOFF. 
OUTPUT SWING AND AC UNBALANCE GIVEN IN VOLTS P-P. 


DIFFERENTIAL MODE GAIN SINGLE ENDED OUTPUT IMPEDANCE 


O Vemimia} 


WHEN R;,, SWITCHED INTO iin THE OUTPUT CHANGE SHALL BE 6 db. Vo = 200 mV rms NO LOAD 


Zn = Rin Vo = 100 mV rms WHEN Z.., = Ro a 


BIASING ARRANGEMENT 


in the emitter of the current source 
transistor of each of the differential - 
amplifiers, there are four resistors of 
different values which may be con- 
nected in seven ways. The resultant 
effective resistance in conjunction 


. e 

with a given Vu: makes provision for Va 
different current levels. For conven- 

ience, the seven methods together *Pin 7 is connected to the substrate and must be connected to the Ver supply 


with their effective resistances are £08 Proper curun operator: 
tabulated below. 


| METH dS 
| PINCONNECTIONS | 47 | 46,5.7| 45,67 | 46 | 45 | 56 | 4,5,6 0PEN| 
L EFFECTIVE RESISTANCE| 1.4K | 3.37K | 7.0K | 126K | 182K | 218K [224K | 
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MC1525, MC1526, MC1527, MC1528 (continued) 


Vio. INPUT OFFSET VOLTAGE (mV) Agg, DIFFERENTIAL MODE GAIN 


CMaej. COMMON MODE REJECTION (do) 


EFFECT OF TEMPERATURE ON CHARACTERISTICS 
DIFFERENTIAL MODE GAIN 


40 
—55 -3 0 25 55 85 125 
Ta, TEMPERATURE (°C) 


INPUT OFFSET VOLTAGE 


peer i a 
ss COTE 


~55 — 23 0 85 125 
Ta. TEMPERATURE ron 


COMMON MODE REJECTION 


— 
eS 
i—) 


$0 


—55 -2 0 25 55 85 125 
Ta, TEMPERATURE (°C) 


COMMON MODE REJECTION 


V 
CMnas B—20008 AsalAcs Aes Aye, 


Vom {mex) 


Ios INPUT OFFSET CURRENT (Adc) Votem). OUTPUT VOLTAGE-COMMON MODE (Vdc) 


lin. INPUT CURRENT (Adc) 


OUTPUT VOLTAGE — COMMON MODE 


9.0 


5.0 
—55 -2 0 25 55 85 125 
T,, TEMPERATURE (°C) 


INPUT OFFSET CURRENT 


sg Oa GM a FT tO 
$5 PEST EEE 


: ~~} 
i oe ReeRen 
cee A 

pe ae 


0. 
—55 —25 0 55 85 125 
Ta, TEMPERATURE (°C) 


_ INPUT CURRENT 


Brel 
PRES 
FECT eee have 


0 
Ta. TEMPERATURE 0 


BANDWIDTH 


£Vos RECORDED FOR A CHANGE IN THE COMMON MODE INPUT BIAS FROM 
MAXIMUM TO MINIMUM VALUES. 


Vom (in) = 
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REFERENCE MATERIAL 


Articles in this section: 


e How to Get More Value Out of a Transistor Data Sheet 

e Determining Maximum Reliable Load Lines for Power Transistors 

e Factors Influencing Selection of Commercial Power Transistor Heat Sinks 
e Understanding Transistor Response Parameters 

e Significance of Q; In Switching Circuits 

e High-Power Varactor Diodes — Theory and Applications 

e Optimizing SCR Turn-Off Parameters with Negative Bias 
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HOW TO GET MORE VALUE OUT OF A TRANSISTOR DATA SHEET 


Engineers involved in the design of transistor circuits can gain many bene- 
fits from the proper use oftransistor data sheets that have well specified char- 
acteristics. The extreme requirements oftoday's designs can only lead to con- 
fusion if the engineer does not have the proper limits within which to design. 
This report is intended to explain the relationship between published charac - 
teristics and design requirements. 


A modern, well-prepared, informative data sheet should provide the design 
engineer with all the necessary information for selecting a transistor capable 
of performing a particular job. To accomplish this, the data sheet is normally 
divided into six general sections. A description of the device is given first, 
followed by sections on absolute ratings, and electrical and thermal character- 
istics. Mechanical data and applications information are also included. 


The description of the device usually gives the broad general application which 
permits the designer to classify transistors according to his specific require- 
ments. Thus, a typical power transistor description might indicate whether the 
unit was designed for audio work or switching applications. In addition, the 
power and/or current rating is specified, the polarity (whether PNP or NPN) 
is given, and the type of material is called out. At a glance, therefore, the en- 
gineer can determine if a particular transistor or group of eenehOres is gen- 
erally suitable for a particular purpose. 


From here on, however, the selection of a specific transistor for a particu- 
lar object becomes more involved. The unit must be considered from its var- 
ious electrical ratings and characteristics to make sure that it fits the applica- 
tion from every conceivable standpoint. And, the engineer is generally faced 
with the problem of selecting the least expensive transistor which will perform 
adequately in his proposed circuit. This requires a comprehensive study and 
evaluation of the information usually given in the finer print. Only a thorough 
understanding of this information will permit him to do his job satisfactorily. 


DISTINCTION BETWEEN RATINGS AND CHARACTERISTICS 


A rating is defined as a limiting value assigned by the manufacturer which, 
ifexceeded, may result in permanent damage to the device. On the other hand, 
a characteristics isa measurable property ofthe device under specific operating 
conditions for which the transistor will provide reliable performance. 


ABSOLUTE MAXIMUM RATINGS 


Absolute Maximum Ratings are those ratings beyond which degradation of a 
transistor may be expected. These ratings are established by each manufac- 
turer based on the internal physical construction, semiconductor material and 
manufacturing processes. Because these are "ratings, "' most data sheets will 
not indicate test conditions under which these "ratings" are specified. There- 
fore, "ratings" are the extreme capabilities of a transistor and are not to be 
used as design conditions. 


For example, under absolute maximum ratings the parameter BVCEo indi- 
cates that the B when placed before a characteristic symbol usually means 
breakdown. Therefore, BVcBO, BVCEO, BVcEs; BVCEx, and BVEBO, are 
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the breakdown ratings of the device. It is a very well known fact in the semi- 
conductor industry that when transistor ratings are exceeded an avalanche or 
breakdown condition may take place. This avalanche or breakdown condition 
in almost every instance will destroy a transistor. Breakdown is dependent 
upon temperature and a certain voltage and current condition, the combination of 
which can trigger an avalanching effect leading to instant destruction. 


As a practical example, the graph in Figure 1 illustrates the typical output 
characteristics of a Motorola 2N1530 power transistor. The absolute maxi- 
mum voltage BVoro is 45 volts. The absolute maximum current is 5 amps. 


With an absolute maximum power 
rating of 90 W as shown on the data 
sheet for this particular transistor, 
itis now possible for the design engi- 
neer to calculate and plot a maximum 
voltage current relationship which 
can't be exceeded without endanger- 
ing the life of the transistor. 


Itis obvious from the graph that the 
absolute maximum voltage and the ab- 
solute “maximum current cannot be 
applied at the same time. While it is 
conceivable that an occasional ex- 
cursion beyond this absolute maximum 
power for a short period of time will 


Ic, COLLECTOR CURRENT (AMPS) 


do no harm to the transistor, this ee mm 
practice is not recommended where Si 
reliability is concerned. es 
0 5 10 18 20 2 30 35 +40 #45 = 50 
Thermal characteristics, also list- Vee, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
ed under the absolute maximum rat- 
ings, are expressed in degrees C per Figure 1 — Typical Output Characteristics, Motorola 2N1530 


watt and define the dissipation capa- 
bility of the transistor regarding the 
junction temperature in relation to 
case temperature. 


ELECTRICAL CHARACTERISTICS 


Itisinthis portion of the data sheet that the design engineer can find the. limits 
on those electrical parameters which are most important to his particular cir- 
cuit design. Whereas the absolute maximum specifications provide the limits 
beyond which reliable operation cannot be obtained, the electrical characteris- 
tics give the design centers around which practical circuits can evolve. When 
discussing any specific characteristics, the test conditions must be specified in 
order that a common understanding is held by both the user and the manufac- 
turer of the transistor. Almost every parameter listed on a data sheet is sub- 
ject to variation among manufacturers because of difficult test conditions. We 
shall now refer to the Motorola data sheet on the power transistor series from 
2N1539 thru 2N1548 and discuss each parameter in order. (See Figure 2) 


COLLECTOR-BASE LEAKAGE CURRENTS 

IcBoOisa very common term loosely used by designer and manufacturer and 
initially used to signify the quality of a transistor. Actually, there exist three 
very definite ICBO's which are important tothe designer. The first is the reading 
taken at some low collector-base voltage, in this case 2 volts, with a maximum 
value of IC indicated at this voltage. 
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This for all practical purposes represents the thermal component of the col- 
lector current, which cannot be reduced by further decrease of VcB. This is 
true for agiven temperature and is subject to change with temperature. As the 
ambient temperature increases, the leakage current increases. 


ELECTRICAL CHARACTERISTICS, GENERAL (At 25°C Mounting Base Temperature) 


Collector- Base Cutoff Current 
= -25V 2N1539, 2N1544 
= -40V 2N1540, 2N1545 
= -55V 2N1541, 2N1546 
= -65V 2N1542, 2N1547 


cB = ~80V 2N1543, 2N1548 


Collector- Base Cutoff Current 


Vos = -2V (all types) 


Collector- Base Cutoff Current 
at Tp = +90°C 
B2 1/2 BV 


at V rating 


Cc CES 


Emitter- Base Cutoff Current 


VeR= 12V (all types) 


Collector-Emitter Breakdown Voltage 
I. = 500mA, V., = 0 


2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


C EB 


Collector-Emitter Leakage Current 


2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Collector-Emitter Breakdown Voltage 
I, = 500mA, Ip = 0 


Cc 
2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 
2N1543, 2N1548 


Collector- Base Breakdown Voltage 


In = 20mA 

2N1539, 2N1544 
2N1540, 2N1545 
2N1541, 2N1546 
2N1542, 2N1547 


2N1543, 2N1548 


Figure 2 — Electrical Characteristics as given on a typical Motorola data sheet 
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ELECTRICAL Chpnac ter on COMMON EMITTER (4t25°c) 


Poe so [uw [ae [mae | on 


Current Gain 


Vor = -2V, I, = 3A 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Base-Emitter Drive Voltage 


IG = 3A, I, = 300mA 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Collector Saturation Voltage 
In = 3A, I, = 300mA 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Frequency Cutoff 
Vor = -2V, In = 3A 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Switching Characteristics 
I, = 3A 


Delay + Rise Time 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 
Storage Time 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 © 
Fall Time 


2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Transcorductance 

Vor = -2V, In = af 
2N1539, 2N1540, 2N1541, 2N1542, 2N1543 
2N1544, 2N1545, 2N1546, 2N1547, 2N1548 


Figure 2 (continued) — Electrical Characteristics as given on a typical Motorola data sheet 


With this value, the designer can easily predict what the leakage will be at 
some higher temperature. Using the emperical rule that the thermal compo- 
nent of current will double for every 10°C, the design engineer can pinpoint the 
temperature component of the leakage current. 


COLLECTOR-BASE VOLTAGE CHARACTERISTICS 


The other ICBO whichis important in high-temperature usage is that current 
due to the portion of the collector-base voltage characteristics which adds another 
maximumICBOto the temperature complement of the total leakage. The data 
sheet indicates that Vcg at 25 volts on the Motorola 2N1539 power transistor 
gives a maximum leakage of 2 milliamps. This voltage component is not tem- 
perature sensitive. Therefore, the design engineer, wishing to determine his 
leakage value at some higher temperature (e.g. Ty75°C), can safely assume 
that the maximum increase inthe thermal component of leakage current (Ic) will 
be 32 times 200 microamps. Adding to this the 2 milliamp voltage component 
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he could arrive at a value of 8.4 milliamps maximum leakage at 75°C with 25 
volts across the transistor. All future references to temperature in this re- 
port will refer to the transistor case temperature and not the ambient tempera- 
ture. | , 
HIGH-TEMPERATURE COLLECTOR-BASE LEAKAGE CURRENTS 


Since there are many voltages and many applications to be considered, it is 
difficult for any manufacturer to specify leakage under all voltages at all tem- 
peratures. Motorolahas led the way in specifying a guaranteed maximum leak- 
age at 90°C at a voltage which is within reliable usage of any given transistor. 
In this case, it is one-half the BVcEg rating. The selection of the one-half 
BVCEs voltage rating for the high-temperature test is an arbitrary one, but at 
a point where the device will be in a reliable operating area. | 


EMITTER-BASE CUTOFF CURRENT (I...) 


One of the least used parameters on a data sheet isIE RO. It is well to know 
the IfRo limit of any given junction within a transistor; therefore this limit is 
shown at a region where most design will be taking place. In most Motorola 
power transistors the emitter-base diode breakdown voltage rating is far greater 
than the 12 volts shownonthe data sheet. This is indicated by the BVEBO listed 
under the absolute maximum ratings. 


COLLECTOR-EMITTER LEAKAGE CURRENT (I.,,) 


The X in this symbol means that there is some known back-bias voltage ap- 
plied to the base-emitter diode. And, for each transistor this back-bias voltage 
must be specified as atest conditionfor any given ICEX or BVCEX rating. This 
rating is very useful in the design of converters. In this switching application, 
while one transistor is conducting the other transistor has been back-biased on 
the off condition thus waiting for transformer action to turn it back on. This 
rating is given as Icrx rather than BVcRx. 


It is much easier for a transistor to stand off a given voltage and guarantee 
that the current will not be above a certain maximum value than to apply a test 
current and see if the voltage will be above a certain minimum value. This test 
could be related to a second breakdown type of relationship. On many diodes, 
applying agiven test current could show a voltage rating of many volts above the 
listed rating. . | 


Let us assume a condition where we apply 20 milliamps to the collector from 
a constant current source with a one volt base-emitter.back bias. In some ex- 
treme cases, the collector-emitter voltage could go to 150 or 200 volts giving 
anextreme power dissipation problem, putting the device into the very danger- 
ous second breakdown region; thus, the reason for specifying Icfx rather than 
BVcEx. The reverse is true of the breakdown voltage collector to emitter 
(BVcrs), with the base and emitter short circuits. | 


COLLECTOR-EMITTER BREAKDOWN (BV,,<) 


The most important rating that the engineer can consider when selecting the 
transistor for his circuit is BVcRrs. (See Figure 3) 


Most all power transistor applications require source voltages, collector-to- 
emitter. Thisforces VCE ratings to be equal to or larger than the source volt- 
age. Inductive loads will make this requirement higher. For the design engi- 
neer, a useful rating would be BVCER which falls between BVcES and BVCEO 
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in applications utilizing alloy transistors. The test current of 500 milliamps 
for Motorola power transistors was selected to insure an adequate range of 
operation under this condition. On many of these test conditions, high dissipa- 
tion can be experienced with the combination of test voltage andtest current. 
Therefore, many of these tests are specified as sweep tests or pulse tests where 
the duty cycle is low enough that the maximum junction temperature is not ex- 
ceeded. These tests should be performed with the transistor mounted on an 
adequate heat sink. 


COLLECTOR-EMITTER BREAKDOWN 
VOLTAGE WITH THE BASE OPEN (BV,,,) 


This test is related to Ion O and the 
gain characteristic hig: With the base 


open, a condition can be reached where 
Dep will multiply the Top O at a given 


tc, COLLECTOR CURRENT (AMPS) 


voltage and start an avalanche condi- 
tion as the junction temperature rises 
due to self-heating. This can quickly 


: : 0 50 100 150 
reach breakdown conditions if not % RATED MAXIMUM COLLECTOREMITTER VOLTAGE (8Vces) 


carefully tested by the sweep method. 


Figure 3 — Collector Characteristics, Common Emitter 


Although BVcKo is the most difficult of all tests to meet,- especially at high 
voltages, itis a condition whichis occasionally met in actual operation, such as 
inseries regulated power supplies and power amplifiers. In switching circuits 
this condition can be met instantaneously when the transistor is switched from on 
to off, thus passing a region where the base has infinite resistance or is essen- 
tially open. Motorola protects for this condition by showing the BVCKO rating 
on their data sheet and making it a part of their safe area curves. 


COLLECTOR-BASE BREAKDOWN VOLTAGE (BV,,,,) 


This rating will show the limitation of.the collector-base junction, but is a 
rating which is only occasionally used in actual circuit considerations. Many 
engineers make the error of selecting a transistor based on this parameter put- 
ting themselves into a high priced, low availability category, when actually the 
true ratings could have been defined by BVCEs. Circuits should be carefully 
analyzed to determine if BVCBo or some collector-to-emitter rating is the con- 
trolling factor. 


CURRENT GAIN (h,,) 


This isthe most arbitrary of all test conditions listed ona data sheet. Motorola 
in designing power transistors, has calculated the structure to center upon or 
yield a given gain at a given collector current depending upon market require- 
ments. For alloy transistors, current-gain is a function of collector-current 
and in most cases will decrease when Ic increases. (See Figure 4) 


It is best to design around data sheet limits. However, circuit requirement 
could dictate current gain spreads. Under these circumstances, it would be 
beneficialfor the design engineer to work closely with the manufacturer to obtain 
a special device. This parameter is one that will vary to some degree with 
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life, and is therefore used as an end-of-life characteristic. It is with this re- 
alization that Motorola introduced their Meg-A- Life Program where end-of-life 
limits are given for both hrg and Icgo on industrial transistors. 


BASE TO EMITTER VOLTAGE (V,,) 


This parameter is very important to those who require knowledge of the input 
voltage at the specified test condition, especially to people designing converters 
and switching circuits. See Figure 5. The test for this parameter is usually 
performed with the transistor in saturation. 


a 2N1539-1543 
a Le} 21544-1548 
= > cs 
3 a 7 =—T | 
fe 2 
2 = LA | 
Py E 
Fr] 
F 
> 
0 
0 10 20 30 40 §0 60 70 80 90 100 
Ic, COLLECTOR CURRENT (AMPS) tp, BASE CURRENT (mA) 
Figure 4 — Current Gain versus Collector Current Figure 5 — Emitter-Base Voltage versus Base Current 


SATURATION VOLTAGE (V, .,:) 


Saturation voltage, VCEsat (See Figure 6) is the minimum voltage necessary 
to sustain normal transistor action at a particular collector-current. At col- 
lector voltages, lower than Voks af 

P 


the base-collector diode is forward 
biased and the current-voltage re- 
lationship changes abruptly. Thus, 
the saturation voltage is the minimum 
collector-emitter voltage required to 
maintain full conduction when enough 
base drive is supplied. Further appli- 
cations of base drive will reduce 
Vor sat With diminishing effect. Since 


the VoRsat VS Ia curve is almost a 


le, COLLECTOR’ CURRENT (AMPS) 


straight line, some transistor manu- 
facturers list the characteristic as 
saturation resistance “GEs at’ VOR a 


is part of the output ‘characteristic. 


e 2 2 e 0 
Transistor efficiency in converters 0 0.5 1.0 1.5 2.0 2.5 
is a function of switching speed and Veg, COLLECTOR-TO-EMITTER VOLTAGE (VOLTS) 
power dissipated in the fully-on Figure 6 — Output Characteristics, Saturation 
condition. A very low saturation Region, Motorola 2N351A 
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voltage is extremely desirable and is a function of the collector-current and 
base-current drive. Saturation voltage will increase with an increase in col- 

lector current and will also be inversely related to the gain hep) of the 
transistor. at 


COMMON EMITTER-CUTOFF FREQUENCY (f,,,) 


Current gainfrequency cutoff (fa¢)for the commonemitter configuration, (also 
called the beta cutoff frequency) is the frequency where the small-signal, for- 
ward-current gain is .707 of the current gain value to be found at a given ref- 
erence frequency. The. 707 point represents a 3 db. reduction in current gain. 
The common emitter cutoff frequency Fyp is usually between 5 Ke and 10.Ke for 
power transistors. The common base frequency cutoff Fap (generally not spec- 
ified for power transistors) is approximately equal to hge times fae. 


SECOND BREAKDOWN VOLTAGE 


Second Breakdown Voltage, a destructive condition, was first observed when 
the first breakdown condition (VBE = 0) was allowed to continue until point "A" 
was reached as illustrated by line 4 (BVcgs) of Figure 7. The current was 
allowed to increase after the curve had entered into the first negative resistance 
portion and a second negative resistance occurred which switched the charac- 
teristic onto Line 7 of Figure 7. Further investigation has shown that other 
base-emitter conditions trigger second breakdown. If the base-shorted-to-the- 
emitter (Vpr = 0) condition is used as a reference point, there exists a locus 
of points where second breakdown is initiated for both negative and positive 
base-to-emitter voltage conditions, which is shown by the dashed line. Thus, 
high negative base drive will cause second breakdown to be generated at much 
greater collector current by a lower collector voltage than at the Vpr = 0 
point. When the base is positive, the locus is more difficult to determine since 
the' trigger point lies in a negative resistance region. The exact locus varies 
considerably from one device to the next. However, if the collector diode 
breakdown and the BVCES§ are within specifications for the transistor, the locus 
will always be to the right of and above lines D-E and E-F shown in Figure 8. 


@) ls <00R Vas <0 Res 
= @ 's=0BVor0 B 
@ 13> 0(+ BVoee) 
©) Voz = 0 (BVoga) 
1 © Vox >0(+ ON BASE) 
1 © 'p=0 (BVo80) 
\ @) SECOND BREAKDOWN LINE 


COLLECTOR CURRENT (AMPS) 
w 


Q-— | 
ee \ LOCUS OF SECOND 
r=) \\. BREAKDOWN TRIGGER POINTS 
oe 
o 
S Sia aa oaks Var =—_ 
= (7) pa ee gee the ee (A) Ves = 
© mc Ew eee ew ewe < 
am) Va = + 

asa = a ee ow oe oe oe oe oe - A 

(5) 
= @- 4B) OS “> 
COLLECTOR-EMITTER VOLTAGE (VOLTS) 
Voz, COLLECTOR-TO-EMITTER VOLTAGE . 
Figure 7 — Collector Current versus Collector-to-Emitter _ Figure 8 — Reliable Vo — Ic Areas 


Voltage 
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Triggering second breakdown from positive base drive almost always results 
ina collector-to-emitter short or a drastically altered transistor. Negative 
drive action does not appear to be as drastic and usually the phenomenon can be 
observed repeatedly on a curve tracer. 


* The exact physical reaction is still somewhat of a mystery, although the re- 
sults of other types of breakdown have been fully described. Second breakdown 
seems to result in a''channeling of current'' between the collector and emitter. 
In second breakdown the collector-to-base junction exhibits certain instabilities 
when high voltage is applied. The point at which these instabilities occur is con- 
trolled by the voltage imposed on the base-to-emitter junction. This spot heat- 
ing can actually melt the germanium and allow the indium of the collector and 
the emitter to flow together producing a collector-emitter short. 


The locus of points where second breakdown occurs is independent of tempera- 
ture within normal operating ranges. However, as temperature changes, a par- 
ticular point on the locus will shift with a certain base-emitter condition. For 
instance, as temperature increases, the Vpr = 0 point will shift toward the 
Ip=0O line. This is because more ICBO flows through the internal base re- 
sistance (Rgp') which causes the internal base-emitter junction to see a more 
negative voltage on the base side. Infact, high IcBo current will cause the 
VBE = 0 line to lose its negative resistance portion (the tail) and approach the 
low temperature Ip = 0 case. 


DETERMINATION OF PEAK POWER PEAK POWER DERATING CURVE 


The peak allowable power is: 


Pp= (Ts — Ta — 93a Pes) 
zc (z) + Ga (ti/t) 


Cr is a coefficient of power as obtained from the chart. T; is 
junction temperature tn °C; T, is ambient temperature in °C; rts tot 0% DUTY CYCLE 
Osc is junction to case thermal resistance in °C/W; Oca is case HE TWI_ 

to ambient thermal resistance in °C/W; 61, is the sum of TSN 
Osc + 9ca; ti is pulse width; t is the pulse period; (t:/t) is the 
duty cycle; Psx is a constant power dissipation and Pr is 
the additional allowable pulse power dissipation above the 
amount of Pas. 


The above equation is usable when a heat sink is used which 
has thermal capacity very much larger than the transistors 
thermal capacity. 


The chart is normalized with respect to the thermal time con- 
stant, arent is on the order of 50 milliseconds for these power 


+ ABSOLUTE NON RECURRENT =a 


Nit 


EXAMPLE h are = 


Given: >= 

Pa=10W Ts=40°C Pr 

Pulse width (t,) = 1 msec 

Duty Cycle = = 20% 

= = 3°C/W TIME -——> 


B1e = 0.8°C/W Ta an = 100°C 
Solution: Enter the ee at t/r = 1 Se eee and 
Duty Cycle 20%. Find Cr = 5. Solve equation 


_ 100 — 40 — (3 + 0.8) 10 
= 08 +3x.2 
5 


Pp = 29 watts in addition to the steady 
10 watts resulting in 39 watts peak. 


POWER => 


C,, COEFFICIENT OF POWER 


10+ 107 10°? 10° 1 10 
t,/, PULSE WIDTH/THERMAL TIME CONSTANT 
Caution In ail cases the peak pulse 


power should stdy within the Safe 
Operating Area. 


Figure 9 — Peak Power Derating 
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A well specified transistor data sheet will contain all of the above informa- 
tion. Some designs do not require specifications other than voltage, power 
dissipation andgain. The extreme requirements of present day industrial equip- 
ment as well as military specifications in most cases taxes the ingenuity of the 
design engineer and the time available for him to design the best equipment. 
TIME WHICH CAN BE SAVED DUE TO PROPER SPECIFICATION IS JUST AS 
IMPORTANT AS TIME SAVED DUE TO PROPER DESIGN. Because the semi- 
conductor industry is relatively new and because of the questions and problems 
that can arise involving the use of semiconductors, a design engineer can lose 
much valuable time if he is forced to discontinue design operations due to the 
lack of information. A good data sheet can clearly eliminate this delay. 
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DETERMINING MAXIMUM RELIABLE LOAD LINES 
FOR POWER TRANSISTORS 


Operation of power transistors within their power-temperature ratings alone 
is not a sufficient safeguard to guarantee circuit reliability. An additional con- 
sideration of the allowable collector-emitter voltage vs. collector current must 
be taken into account, otherwise a distinctive condition termed "secondary 
breakdown" can occur. 


To avoid this secondary breakdown condition, it is necessary to maintain the 
load line within safe voltage and current limits. 


-As described later, secondary breakdown is a function of time in addition to 
voltage or current and, since transistors can be operated at an infinite number 
of time intervals and operating points, reliable load line operation is specified 
by safe operating areas including time as a parameter. 


SECONDARY BREAKDOWN 


For a fixed bias on the base-emitter junction, as collector voltage isin- 
creased on a power transistor the collector current increases slowly to 9 cer- 
tain point at which the increase becomes rapid and an avalanche condition exists. 
The collector voltage at which avalanche occurs is determined by the voltage 
condition across the emitter-base junction. In other words, the transistor bias 
condition determines the point of avalanche. Avalanche in itself is nondestruc - 
tive if power dissipation is limited, but a destructive breakdown can occur if 
the collector current is allowed to increase to a high value. This is called 
"second breakdown"!, 2, 3, 


Second breakdown is associated with the collector-base junction, and is con- 
trolled by the emitter-base junction. The electrical interplay of the junctions 
is such that second breakdown is triggered at lower voltages as collector cur- 
rent is increased. The locus of secondary breakdown trigger points is shown 
in Figure 1 for a 1/2 wave 60 cps pulse. 


/7 SECOND BREAKOGOWN 


The exact action of second break- 
down is not known but seems to be 
associated with a sudden concentra - 
tion of energy into a small area, the 
energy being a function of collector 
voltage, collector current, and time. 
This concentrated energy dissipates 
power in avery small volume which 
causes the temperature to exceed the 
melting point of the semiconductor 
material. The two junctions can then 
flow together causing a collector-to- 
emitter short. Figs 1. Locus of trigger points. 


: 
| 
| 
A. CURVES OBTAINEO USING 1/2 WAVE 
. 6O~Ve WITH OC CONDITIONS BASE 
TO EMITTER 


\ , 
\ NEGATIVE DRIVE (-Veg) 


; —=+; Capos OF TRIGGER POINTS 


/ Ve8* *0 
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PULSE TEST 

To establish safe operating areas, through destructive testing, for various 
pulse widths, the test circuit shown in Fig. 2 was developed. In this circuit, 
a reverse bias sufficient to keep the transistor cut off until the pulse is applied, 
is always present between base and emitter. The 10-ohm resistor in the bias 
circuit is necessary to permit a negative voltage to build up and turn on the 
transistor when the pulse is applied. 


The pulse test signal is obtained 
from a pulse generator and a tran- 
sistor amplifier. The amplifier tran- 
sistor must be a high-speed german- 
ium device such as a 2N2832. The 
pulse amplitude is controlled by set- 
ting the output of the pulse generator 
high enough to saturate the amplifier 
transistor. The signal into the tran- 
sistor under test is controlled by 
varying the collector supply voltage. 


*R, SENSING RESISTOR 


The output waveform is monitored COMMON «OVER 


on an XY oscilloscope across a sens- 
ing resistor which is madefrom Can- WA rowent 
thol type A-1 flat ribbon. A 0. 1-ohm SAO TE RI FAL meee 
sensing resistor is used for collector ——— ae 
currents below five amperes and a Ves aie 
0. 01-ohm sensing resistor is used at 


; ; Fig. 8 
high er collector currents. g. 2 Circuit used to establish safe operating areas 


To keep the voltage drop in the interconnecting wiring to a negligible value, 
number 10 wire is used for circuit connections and number 4 stranded cable is 
employed for connecting to the batteries used as the voltage source. 


The 500 uf capacitor bypasses voltage transients resulting from the rapid 
change of current through the inductance of the connecting leads. The fuse or 
circuit breaker is necessary to prevent burning out the ue. resistor or other 
components when the transistor shorts. 


The source voltage is set at a fixed level in steps of 12 volts each. Collector 
current is increased by increasing the base drive until second breakdown oc- 
curs. A short occurs, since no current limiting is used. 


PLOT OF BREAKDOWNS 


The voltage and current failure point is observed on the XY scope and re- 
corded on a graph similar to Fig. 3. To establish a usable safe area curve, 
at least 5 to 10 transistors are tested and destroyed at each pulse width and 
voltage. To construct. the safe area curve on the graph, a line is drawn con- 
necting the worst-case points of each voltage group. 


Notice that, regardless of the pulse width, as current is increased the device 
will withstand less voltage. | 


Using an average of the failure points from Fig. 3, the typical graph of energy 


in watt-seconds required for second breakdown is plotted in Fig. 4. The shape 
of these curves is logical since as current increases the effective emitter area 
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decreases and as voltage increases the effective base width decreases. Thus, 
as current and voltage increase there is a continuous shrinking of the active 
volume containing the energy. 


POswOx 0 
A—w °o 
fe] 
°o 
c 


CURVED LINES 
SHOW WORST FAILURE 
LOCUS 


met |p 
ey Sees 
Es ee 
Re Ee 
EE 
a ee 
a ae 
aS 
2 ‘oii 
EE 

ea 


ATE TTA 


COLLECTOR CURRENT AMPERES 


0 200 VOLTS 
COLLECTOR EMITTER VOLTAGE COLLECTOR CURRENT IN AMPERES 
Fig. 3. Graph shows typical failure pelots for 2N2528 transistor. Fig. 4. Typical energy required to cause transistor failure is plotted 


against current with a constant voltage applied. 


Itis difficult torelate the results theoretically, due to all the variables which 
affect current crowding, although the effect of base width changing with voltage 
is a well-known expression. Also, since base width decreases with voltage, the 
effective base resistance increases due to the transverse area shrinking, which 
intensifies the current crowding. 


DC TESTS 


GND, 


The test circuit used to determine 
failures under dc and long-time pulse 
conditions is shownin Fig. 5. Acom- 
mon-base circuit is used for this test 
to prevent thermal runaway. 

VERT. SCOPE 

Also, since power levels approach- 
ing 200 watts may be encountered dur- 
ing tests, a water-cooled heat sink is 
necessary. The heat sink consists of 
a 4'"' X 4" X 1/8" copper sheet witha 
"U" shaped copper tubing soldered 
to it around the transistor mounting 
area. Ice water is circulated through 
the tubing to remove heat from the 
copper plate. Fig. 5. Clreuit used to establish de safe operating areas. 


HORIZ. 
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The dc failure points were determined in a similar manner as previously 
described for the pulse tests. 


POWER-TEMPERATURE DERATING vs SAFE AREA 


This application note shows safe area curves for many Motorola Power Tran- 
sistors and includes de-ratings due to temperature effects. In addition to the 
Safe Areas, a power dissipation curve is plotted for each device. This power 
curve represents the allowable average power which could be dissipated at a 
given case temperature (usually 25°C) without exceeding the particular maxi- 
mum junction temperature. At higher case temperatures the allowable average 
power will be less depending on thermal resistance and the power area would 
be represented by a curve drawn to the left and below the one shown. In gen- 
eral, the allowable power at 25°C (case) is beyond the allowable dc and long- 
time pulse safe areas and the device is breakdown-voltage limited. However, 
at higher case temperatures the device may be power-dissipation limited. 


In any event, both average power-temperature de-rating and safe areas must 
be obeyed. In addition, the switching of power causes time-dependent tem- 
perature increases which are of concern but are separate from the safe area 
considerations. 


This temperature dependency is associated with the thermal time constant of 
the transistor and a discussion is included in the Motorola Power Transistor 
Handbook and on most data sheets under a heading of 'Peak Power" or ''Pulse 
Power". 


The proper control of temperature rise and peak power will insure that the 
maximum junction temperature is not exceeded. In addition, the proper control 
of pulse load line to stay within the applicable Safe Area curve will insure that 
a collector to emitter short will not be caused. 


EXTENSION TO COLLECTOR-BASE BREAKDOWN 


Some devices have a collector-base breakdown rating greater than the 
collector-emitter breakdown. Operation is allowable in the region between 
VCE(max) and VCB(max); however, it is recommended that the current be kept 
as low as possible by back biasing of the base-emitter junction: 


APPLICATION CHECKS 


The safe areas were double checked in the following applications to see if the 
pulse safe area curves were meaningful: (1) audio, (2) solenoid driver, (3) power 
inverter, and for dc safe area, (4) low frequency audio and dc regulators. 


(1) Audio 


The audio application was used to test low-frequency effects which should 
correlate with the 5 millisecond safe areas. Devices were put into the class A 
circuit shown in Fig. 6, with an ac resistive load, the dc being bypassed by a 
shunt inductance. The input was deliberately overdriven and then the load re- 
sistor removed to obtain a reactive load line. 


It was hoped that an elliptical load line could be obtained with an excursion 
controlled by drive voltage and with time of the excursion controlled by fre- 
quency. While this did occur, the excursion was very low at high frequencies 
and thus the fast pulse areas could not be probed. At frequencies between 50- 
200 cps, a large excursion was possible and failures were caused by exceeding 
the 5 msec safe area curve. 
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(2) Solenoid Driver 

The solenoid driver consisted of controlling the load line with a suppression 
diode across the inductance or a zener diode across the transistor. The diode 
across the inductance clamps the load line excursion at the dc source voltage as 
indicated in Fig. 7. The zener diode method resulted in a rectangular load line 
as indicated in Fig. 8 and clamping occurs at the zener voltage. 


A word of cautionis necessary concerning this application. The fast switch- 
ing can cause induced voltage in long lead lengths to the power supply. Thus, 
it is necessary to connect the suppression diode as close to the collectoras 
possible and use a-clamping capacitor from the emitter to the connecting point 
of the diode and inductance. When using the zener diode it should be soldered 
as close to the emitter and collector pin as possible. No failures occurred when 
the load line was contained within the 25-ysec safe area curve. 


(3) Power Inverters 


One of the most critical operations of power transistors is in inverter cir- 
cuits similar to that shown in Fig. 9. A typical inverter circuit was used to 
test several types of power transistors. The load line was observed while hold- 
ing the peak current constant and increasing the voltage until failures occurred. 
Then the current was increased at a constant supply voltage until failures were 
encountered. Cases of failure occurred after the load line was well beyond the 
25-usec safe area. 


TYPICAL 


AUDIO GENERATOR SENSE 


INTER- | 

al Fig. 6. Transistor arrange- 
RESISTOR c ment for a class A audio 
CAUSES circuit. 

REACTIVE 

LOAD LINE 


TYPICAL 
LOAD LINE 


Fig. 7 Circuit for a tran- 
sistor solenoid driver with 
diode suppression. 


| max = Voc/R 


TYPICAL 
LOAD LINE 


Fig. 8. Circuit for transis- 
torized sclencid driver with 
zener diode. 
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Fig. 9. Circuit arrangement 
for inverter. 


(4) DC and Low Frequency Audio 


In dc applications such as voltage regulators and in low frequency (below 100 
cycle) audio circuits, the dc .safe-area curve in conjunction with the power- 
temperature derating curve establishes reliable operating limits. Depending 
upon the device type and case temperature, the load: line may be limited by 
either the power dissipation rating or the dc safe-area rating. In some in- 
stances, the dc safe limit and the power dissipation limit can cross. In this 
case, the load line limit would be established at low currents and high voltage 
by the dc safe limit and by the power dissipation limit at high current and low 
voltage. 


The above discussion also applies to low duty cycle surge conditions such as 
encountered in incandescent lamp flashers where low initial resistance of the 
lamp permits a high-current surge for 50 to100 milliseconds. This can trigger 
secondary breakdown even though succeeding current pulses are very low after 
the lamp resistance increases. 
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FACTORS INFLUENCING SELECTION OF COMMERCIAL 


POWER TRANSISTOR HEAT SINKS 


Among the vast number of commercial power transistor heat sinks (over 200 
catalog types), there are several factors which influence choice of types for 
given applications. The photograph in Figure 1 is a good illustration of the wide 
variety available. The results of tests compare the thermal resistance of var- 
ious heat sinks with variations in weight, area, volume, shape and color and a 
selection chart will facilitate the best choice of heat sink. 


TEST PROCEDURES 


Tests were organized toestablish the heat sink-to-ambient thermal resistance 
of 31 different types, and the weight, area and volume were measured for each. 


TO-3 and TO-36 power transistor packages were used depending upon the hole 
pattern in the samples. The bench test setup was as indicated in Figure 3.A 
correlation setup was also used in a closed oven, but with such close results 
that the open air bench test was used for convenience. All types were tested 
with the fins held in a vertical plane. 


A constant power, usually 5 or 10 watts, was dissipated in the transistor. 
Regulated current and voltage were supplied from sources such as shown in 
Figure 4. Thecurrent and voltage were measured to an accuracy of 2 per cent. 
The ambient temperature was measured with a bulb type mercury thermometer 
at a point six inches away from the lower edge of the heat sink. The heat sink 
temperatures were measured by staking a thermocouple into a small silicone 
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grease-filled hole. The case temperature of TO-36 "doorknob" transistors was 
measured by staking a thermocouple into a hole drilled into the stud to a depth 
almost level with the round mounting base. The case temperatures of the TO-3 
"diamond" transistors were measured by soldering a thermocouple to a solder 
lug which was fastened between the case and one of the mounting screws. These 
methods are detailed in Figure 5. The heat sink temperatures were calculated 
by subtracting an estimated interface thermal resistance of 0.2°C/W between 
heat sink and transistor. 


HEAT SINK THERMOCOUPLE 


TEMPERATURE 
BRIOGE 


SUPPLY 


INSULATOR 
Figure 3 — Bench test set-up. 


HEAT SINK 
\ 


No attempt was made to investi- 
gate the various considerations of 
restricted air flow, surface temper- 
ature, nearby reflecting surfaces, 
etc. In actual practice almost each 
installation is unique, and transistor 
cases in prototype equipment should 
be monitored with a _ thermocou- 
ple under the worst conditions. 


TEST RESULTS 


Table Ia and Ib are comprehensive Vee == wae 
listings of test results in order of tT 
heat sink code number. From these Figure 4 — Electrical circuit. 


tables important factors about a heat 
sink may be obtained, such as shape, 
size, weight, exposed surface area, 
and volume, which allow the designer 
to determine whether a particular 
heat sink fits into his packaging plan. 
The finish and thermal resistance 
are also included. 


THERMOCOUPLE BEAD STAKED 
WITH WIRE IN SILICON GREASE 
FILLEO HOLE. 


THERMOCOUPLE LEADS. 


To compare performance of cylin- DOOR KNOB (TO 36) 
drical-fin heat sinks with that of flat- THERMOCOUPLE SOLDERED 


fin types, the area versus thermal 
resistance has been plotted in Figure 
6. The graph in Figure 6 shows four 
average slopes of thermal resistance 
versus total surface area _ for: 
(1) square _ sheets of bright DIAMOND (TO 3) 

1/8 inch aluminum; (2) flat * Figure § — Thermocouple attachment. 
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vertical-finned, black-finished types (these are usually aluminum extrusions) ; 
(3) vertical cylindrical fluted types, black finish (aluminum castings) ; (4) cylin- 
drical horizontal fins, black finish (sheet metal rings). It should be noted that 
heat sinks 2, 3, 12, and 14 have flat vertical fins but are not painted black, and 
thus have somewhat higher thermal resistance due to less heat radiation. 


TABLE la 
FREE AIR TYPES 


Surface Thermal 
Area H Vol. Weight Resistance 
(sq. in) (in.) (cu. in) (grams) Finish °C/W 


Anod. Black 
Bright Alum. 
Gray 

Anod. Black 
Anod. Black 
Black Paint 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Anod. Black 
Gray MMI 
Gray MMI 
Gold Alodine 


Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 
Flat-finned Extrusion 


Cylindrical Horizontal 
Fin, Machined Casting 1,75 Dia. ‘ ; Anod. Black 


Cylindrical Horizontal 
Fin, Machined Casting 1.75 Dia. $ , Anod. Black 


Cylindrical Horizontal 
Fin, Machined Casting . 75 Dia. : ‘ Anod. Black 


Cylindrical Vertical 
Fins, Casting , .5 Dia. , : Anod. Black 


Cylindrical Vertical 
Fins, Casting .5 Dia. ; : Anod. Black 


Cylindrical Vertical 
Fins, Casting .5 Dia. : . Anod. Black 


Cylindrical Vertical 
Fins, Casting .5 Dia. ‘ 2 Anod. Black 


Cylindrical Vertical 
Fins, Casting .5 Dia. ; m Anod. Black 


Cylindrical Vertical 
Fins, Casting .5 Dia. 5 2. Anod. Black 


Flat-Finned Casting 1.86 . 1.2 4, Anod. Black 


Square Vertical 
Fin, Sheet Metal 1.7 é ; Anod. Black 


Cylindrical Vertical 
Fin, Sheet Metal - ‘ ; Black 


Cylindrical Horizontal 
Fin, Sheet Metal ; F Anod. Black 


Cylindrical Horizontal 
Fin,‘ Sheet Metal ; ; Gold Irridate 
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The empirical expression, 9g, = TABLE Ib | 

32. 6A~. 472, fits the "square alumi- 

num" line, where A is total surface isa 
area in square inches, and @sa is in eee eee. 
°C/W. Both the flat-finned types and : seemed a 
vertical fluted cylindrical types had AIR COOLED TYPES | 
almost identical slopes, compared to 10 cu ft/min of air 0.4°C/w 
the single square fin, indicating for 10 cu ft/min of air 1.2°C/W 


a given change in area, the change in 
sink-to-ambient thermal resistance 
would be approximately the same for § | 3! 0.04 cu ft/min 0. 45°C/W 
both types. The ring horizontal fin 
types showed a much _ steeper 
slope although these were mounted 
with the fins in the vertical plane, 


This indicates there is rélatively little change in thermal resistance with varia- 
tions in the surface area of the ring horizontal fin types. 


WATER COOLED TYPES 


MISCELLANEOUS TYPES - NO TEST RESULTS 


Figure 7 shows the thermal resistance plotted as a function of volume dis- 
placement. According to these tests, heat sinks No. 2 (bright aluminum), No. 
3 (gray finish), No. 12 (gray MMI), and No. 14 (gold alodine) have approxi- 
mately 0.3 to 0.8°C/W higher thermal ‘resistance than the flat vertical fins 
with black finish. The performance of cylindrical vertical fin casting types 
22, 23, flat-finned casting type No. 24, and a cylindrical vertical fin sheet 
metal type 25, corresponds very Closely with that of the square, 1/8 inch bright 
aluminum heat sink with respect to volume. 


Another important consideration is the heat sink weight. The thermal re- 
sistance as a function of weight is plotted in Figure 8. The correlation line 
for flat vertical fins is very similiar to the area and volume results. This is 
to be expected, since all the heat sinks were made of aluminum of about the 
same thickness. The correlation lines for both cylindrical types (vertical and 
horizontal fins) are similar to the area results. However, the weight results 
approach the square aluminum fin performance more so that did the area re- 


: HHL tt 
SQUARE BRIGHT 50 
1/8"* ALUMINUM 


a Nia 
. ATs 
CONICET lee ay ‘inte 
8 
CYLINDRICAL 
VERTICAL FINS 


ig BLAGK ALUMINUM 


TOTAL SURFACE AREA, IN.” 
60 
VOLUME, IN.° 


INS 
468 67 10 20 so (FINS HELD VERTICAL IN TEST) 


1 
THERMAL RESISTANCE, @ gq (°C/W) 1 2 3 456 8 20 «3040 
Figure 6 — Surface area vs. Og,: THERMAL RESISTANCE, HEAT SINK, 0g, (°C/W) 


Figure 7 — Volume vs. 63,- 
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sults. Thus, from weight considerations there is an advantage of using the flat 
vertical fin design. 


- SQUARE BRIGHT 
Y_" ALUMINUM 


2@ CYLINDRICAL HORIZONTAL FINS . 
“~~ (FINS HELD VERTICAL IN TEST) 


_— CYLINDRICAL VERTICAL FINS 
BLACK ALUMINUM 


FLAT ~~ 
VERTICAL 
FINS 

BLACK ALUMINUN 


Figure 8 — Og, vs. weight. 


WEIGHT IN GRAMS 
@ 
°e 


iF) 6 8 258 4 5678910 15 20 25 30 40 S0 607080 


THERMAL RESISTANCE OC/y (0,,) 


According to Figures. 6, 7, and 8, the flat extruded fin type heat sink is the 
most efficient for heat transfer. Of the flat fin types tested, the thermal re- 
sistance ranged from about 3°C/W with a surface area of 44 sq. in. to 1.1°C/W 
with anarea of 250 sq. in. The same change in thermal resistance occurs with 
Change in volume of the flat fin types. Since the slope of thermal resistance 
for 1/8 inch aluminum sheets is approximately the same as the black flat fins, 
the aluminum sheets: painted black would probably offer similar performance 
and less cost. 


Heat transfer, and consequently thermal resistance, is dependent mainly on 
exposed surface area, and changes in shape and volume offer relatively little 
advantage. The shape is important only in that it affects the final packaging 
configuration. Of course power level, type of chassis, and whether or not 
blowers or water cooling is available, must also be considered. 


CHOICE OF HEAT SINK 


As has been noted, many considerations affect the choice of thé best heat sink 
to do a specific job. The value of necessary thermal resistance is, of course, 
the primary consideration and a designer should not exceed maximum thermal 
resistances in making his selection. However, it is not always easy to use one 
with the smallest volume and least area which would have adequately low ther- 
mal resistance. Indeed the shape factor, flat or round, etc., is the reason for 
so many available types. 
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Table II provides a logical method TABLE I 
of selecting the best heat sink for a panaink Ssisetice Galas 
given application. First considera- 
tion is thermal resistance. The re- 


sults listedare from tests in free air. ar pein iiteea 
In the equipment package there are Bonen nee Tables Ia & Yb 
air restrictions, chassis heat con- tion Conditions | & Figures 1 & 2) 
duction, and other heat sources which 

were not considered in these tests. Thermal 

Thus several other types having a Resistance | 0 to 0.5°C/W |31 (water cooled) 
lower thermal resistance than re- 0.51 to 1.0 | (Note 1) 

quired should be considreed to as- 1,01to 2.0 |9, 10, 11 

sure a safety margin after packaging. 2.01to 3.0 /|1, 2, 3, 4, 5, 6, 7, 
A choice should also be maintained 8, 12, 13, 14 

in the second consideration - shape. 3.01 to 5.0 | 22 

Three common conditions are list- 5.01to 7.0 |17, 19, 20, 21, 23, 
ed - (1) the standard 3 inch chassis a4 


where the heat sink would be mounted 7. 01 to 10. 0 a 18, 25, 26, 27, 
vertically on the side of the chassis; 

(2) circuit card, where a small heat 

is useful; (3) some type of cylindri- 2 es a. rr ry 8, 7, 
cal container. esa 


Circuit Card |15, 18, 25, 26, 27, 
33 


J 


Other considerations should include Cylindrical |16, 17, 19, 20, 21, 
availability of air or water cooling Container | 22, 23 
and whether or not several transistors Blower Self 
are to be stacked. The following list | Channeled 
of heat sink manufacturers, compiled cae 29, 30, 40 
at the time of this article, should be Forced Air oy, ria + oe 19, 
contacted for additional information ae 
and exact specifications. Water Circulating 
Water 31, 32 


Stacked Easily 
Sinks Stacked 4, 5, 14, 30 


Price & 
Availability | This we leave to the reader. 


1, Many of the heat sinks will fall in these 
lower categories if blown air is used. 
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UNDERSTANDING TRANSISTOR RESPONSE PARAMETERS 


THE RANGE OF FREQUENCIES over which a transistor performs a useful 
circuit function is limited by inherent parameters. Manufacturers' data sheets 
usually specify only one or two of these parameters, while the user may need 
others. Therefore, a clear understanding of these parameters and the relation- 
ships between them is of value evaluating transistor performance. 


Typical of such parameters is hfp (alpha, the common base a-c short-circuit 
forward current gain). As frequency is increased, hfp remains approximately 
equal to hfpo (the value of hfp at 1 kc). After the upper frequency limit is 
reached, hgp begins to decrease rapidly. 


The frequency at which a significant decrease in hfp occurs provides a basis 
for comparison of the expected high frequency performance of different tran- 
sistors. The common base current gain cutoff frequency, fqp, is defined as 
that frequency at which hfp is 3 db below hfpo. Expressed in magnitude, hfp at 
fab, is 70.7 per cent of hfpo. Power gains, current gains, and voltage gains 
for a few common decibel values are found in Table 1. A curve of hfp versus 
frequency for a transistor with an fgp of 1 mc is shown in Fig. 1. 


Table 1: Conversion table for power, 
voltage, and current ratios 


This curve has the following signifi- inte decibela: 


cant characteristics: (1) atfrequencies 
below fop, Df is nearly constant and 
approximately equal to hgpo; (2) hep 
begins to decrease significantly in the 
region of fyp; (3) above fgp, the rate 
of decrease in hg, with increasing fre- 
quency approaches 6 db per octave in 
the limit. 


The curve of common base current 
gain versus frequency for any transis- 
tor has these characteristics, and the 
same generalappearance as the curve 
of Fig. 1. 


The common emitter parameter 
which corresponds to fpp is fy,, the 
common emitter current gain cutoff 
frequency. By definition, f,, is the 
frequency at which he, (beta, the com- 
mon emitter of a-c short-circuit cur- 
rent gain), has decreased 3 db below 
hgao (the value of hg, at 1 kc). A typi- 
cal curve of he, versus frequency for 
a transistor with an fy. of 100 kc is 
shown in Fig. 2. 


oo nN OD ano FF Oo 


0 
0 
0 
0 
0 
0 
0 
0 
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be 
a POINT OF MEASUREMENT OF ht. 
POINT OF MEASUREMENT OF B ny, =8 fag Meg = 70.7% B ten) 
: 3 0a 
by -3J---- —-—--——--- $45 M%q, = 8707 ba.) REPRESENTS 6 dh PER OCTAVE SLOPE 
(6) | \ 6 db PER OCTAVE SLOPE VALUE OF hy. 
1Oke = Ime 
oc repessents "TOM ao ae 


VALUE OF Bie FREQUENCY 


Fig. 1. Graph represents a curve of a common base 
current gain plotted against frequency variations. 


FREQUENCY IN ke 
Fig. 2. Common emitter current gain is 
plotted against frequency in the curve shown. 


This curve also has the significant characteristics listed for Fig. 1. These 
characteristics allow such a curve to beconstructed for a particular transistor 
by knowing only hfeo and f@e. From the curve, hfe at any frequency could be 
determined. Furthermore, if fge, is not known, a curve could also be con- 
structed if hfeo and hfe at any frequency above fge were known. Thus to deter- 
mine hfe at any frequency, it is necessary to know only hfeo and either fge or 
hfe at some frequency f, where f is greater than fae. 


Sometimes, hfeo is peedsd and only hfbo is given, or vice versa. The quan- 
tities hfpo and hfeo are related by the following: 
h 
fbo 
h = >~———- (1) 
feo 1 - Deno 
h r 
feo 3 | 
he. So 7 (2) 
fbo Nee at 1 


Equations 1 and 2 are plotted in Fig. 3. To further facilitate computations, 
the low frequency current gain scales of Fig. 7-10 contain both an hfbo and an 
hfeo scale, and may be entered with a knowledge of either quantity. 


RELATIONSHIP BETWEEN f,,, AND f.,, 


Suppose two transistors are considered for a particular application where 
performance at high frequencies is of interest. The data sheets are compared 
and it is discovered that one specifies fq@p and the other fae. What prelimi- 
nary comparisons can be made from 
this without making any laboratory 


measurements ? 


Phillips! gives a discussion of the 
relationships between f,, and fyp with 


XC To 
Ba 


i 
CONSUME 


the doowing-Teeule: a 
fie = Ky (1-bgpo) fob HAL 

where Kis ae of excess phase CETTE EET s 

value between 0.5 and 1.0. Table 2 Baril ante ae 


gives approximate values of Ko for a 


number of transistor types. 


The value of 0.82 appliesto all al- | 


loy junction transistors. For high- 
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frequency transistors, selection of Kg is based on original design of the 
device regardless of how it may be specified later. For example, the 2N741is 
a germanium mesa amplifier which is manufactured on a switching transistor 
production line; therefore,the germanium mesa switch Kg is used for the 2N741. 


The nomograms provide solutions 
for values of Kgof 0.9, 0.8, and 
0.6. These three values of Kp give 
reasonable results for most trans- 
istor types, and if more specific in- 
formation for Kg is available, the re- 
sults obtained from the nomograms 
are corrected accordingly. 


- The quantity fe is normally a much 
lower frequency that fpp forthe same 
transistor. For example, consider 
the Motorola 2N1141 germanium mesa 
amplifier. The data sheets give typ- 
ical values fp, = 1,000 mc and hfpo = 
0.98. Kgfrom Table 2 is 0.80. Sub- 
stituting in Eq. 3 yields fge = 0.80 
(1 - 0.98) 1,000 = 16 mc. 


Table 2: Approximate 
values of Kg 


Transistor Type 


Alloy Transistor 
(GPA, Alloy Power) 


Germanium Mesa 
Switch 


Germanium Epitaxial| 0. 80 
Mesa Amplifier 


Germanium Non- 
Epitaxial Mesa 
Amplifier 


Silicon Annular and |0.80 —1.0 


Planar 


MADT 0.60 


This result is in approximate agreement with the hfe versus frequency curve 
of the manufacturer's 2N1141 data sheet. 


GLOSSARY OF SYMBOLS 


Symbol _Definition 
he, Common base a-c forward current gain (alpha) 
Depo vane of Dep at 1 ke. 
hy é Common emitter a-c forward current gain. 
(beta) 
hy es Value of hy é at 1 kc. 
fap Common base current gain cutoff frequency. . 
Frequency at which hfp has decreased to a value 
3 db below hfpo. (hfp = 0.707 hbo) 
fo 5 Common emitter current gain cutoff frequency. 
Frequency at which hfe has decreased to a value 
of 3 db below hfeo (hfe = 0.707 hfeo) 
f 7 Gain bandwidth product. Frequency at which 
hfe =k (0 db). 
G és Common emitter power gain 
f gee Maximum frequency of oscillation. Frequency 
at which Ge = 1 (0 db). 
Kg Excess phase shifter factor. Factor which is a 


function of excess phase shift of current in the 
base of a transistor. 
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For the practical application of Eq. 3, refer to Fig. 7 and 9. When any two 
of the quantities fae, fab, hfbo, or hfeo are known, use the nomograms to find 
the third quantity. 


A common high-frequency parameter is fT, the gain bandwidth product and 
is defined as that frequency at which hfe = 1 (0 db). 


The value fT is sometimes specified indirectly on high-frequency transistor 
data sheets. This is done by specifying hfe at some frequency above fqe, thus, 
fT is then obtained by multiplying the magnitude of hge by the frequency of meas- 
urement. This relationship arises from the 6 db per octave characteristic of 
the hfe versus frequency curve above fqe. Since 6 db represents acurrent gain 
magnitude of 2, hfe is halved each time frequency is doubled, and vice versa. 
Therefore, the product of hfe and frequency on the sloping portion of the curve 
yields f7. 

For example, consider the Motorola 2N2217 silicon star planar transistor. 
The data sheet gives a typical hfe of 4.0 at 100 mc. Multiplicationof hfe times 
the frequency of measurement yields ft = 4.0 x 100 = 400 mc. Thisis in agree- 
ment with the data sheet which specifies a typical fy of 400 mc. 


The parameter fT is also equal to the product of hfeo and fge, expressed by 
x f (4) 


with hgep known, Eq. 4 provides a simple means of finding fae when f7 is known 
or vice versa. (See Fig. 5.) 


Philips also develops the following relationship between fg} and f T: 


f, = Kgh 


T fbo fab (5) 


where Kg is the same quantity as in Eq. 3. Notice that since Kg lies between 
0.5 and 1.0, the fy of atransistor is approximately equal to or slightly less 
than its fgp. (See Fig. 8 and 10.) 


RULES FOR DETERMINING h,, 
The following rules summarize how to determine hgg at some frequency f: 
Rule 1. Whenf< fue, hee = heen 


Rule 2. When f ~ fye, hee = 0.7 hea 


Rule 3. Whenf > fge, consider hfe to be decreasing at 6 db per octave at fre- 
quency f and use Fig. 4 to find hee. 
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fe 


db MAGNITUDE 
48 1. 250 
200 Do Mtet 
45 | 
150 {> ive fp 
40 —L- 100 
§0 
80 
10 : 
95 60 1 
50 
40 2 
30 40 100 
5 
. 150 
25 5 
5 10 
200 
20 1. 10 20 
8 30 250 
7 40 
6 300 
15 60 
5 80 
4 100 400 
10 3 150 a 
200 
; 300 is 
5 400 700 
500 
15 a 800 
co $60 
0 1 1000 1000 


Fig. 4. This nomogram 
is useful in finding hre 
when a frequency f>fae. 


Rule 4. (A) If hgpo not hggo is known, use Fig. 3 find hgeo. 


(B) If fr is not known use Fig. 5 to find fT if hfeo and fqe are known 
or Fig. 8 to find fT if fb is known (Fig. 10 for MADT types). 


(C) If fye is not known, use Fig. 5 to find fge if ff is known (Fig. 7 
to find fye if fab is known (Fig. 9 for MADT types). 


Though common emitter current gain is equal to 1 at fy, there may still be 
considerable power gain atfy due to different input and output impedance levels. 
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fp . Meo toe Neo 
Reg = 1 KC hy, 308 
z 200 
60 
150 
80 
aoe 
100 1 100 
80 
2 
150 60 
$0 
200 40 
10 
300 
: 20 
400 = 
30 15 
509 40 
50 
600 80 10 
80 
8 
800 100 
150 6 
1000 200 : 
4 


@ Fig. 5. The quantity f- 
is found from this nomogram 
once fac And hres are known, 


Thus, ft is not necessarily the highest useful frequency of operation of a tran- 
sistor, and an additional parameter, the maximum frequency of oscillation 
(f{max), is sometimes encountered. The term fmax is the frequency at which 
common emitter power gain is equal to 1, and is related to fT by 


f MAS oy ae (6) 


where rp’ is the base resistance and Cc is the collector Capacitance. 
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A plot of common emitter power gain versus frequency also has the charac- 
teristics shown in Fig. 1. This leads to another gain bandwidth product 


Sore = f V Power Gain | (7) 


where f is the frequency of measurement and power gain is expressed in mag- 
nitude not in decibels. Hence, fmax may be found by measuring power gain at 
some frequency on the 6 db per octave portion of the power gain versus fre- 
quency curve, and multiplying the square root of the power gain with the fre- 
quency of measurement (see Fig. 6). The symbol for common emitter power 
gain is Ge. 


G, 


db MAGKITUDE { 
59 —- 100,000 ait 
48 fax ~ VG 
ag [ 30000 50 
44 60 
4g _[7 20.000 7 
40 10,000 : 80 
38 es u 
5, 
* 100 
2 
: 2,600 
32 | : . 
30 | 1,000 ° 
6 
2 8 
28 500 10 200 
24 200 
‘i 7 300 
20 100 30 
18 - " 
16 60 400 
80 
12 
10 10 200 
8 ; 300 700 
6 400 800 
4 ; 600 ae 
2 9 | 
; , 1,200 
1,500 
1,500 


@ Fig. 6. Maximum frequency 
is found from this nomogram 
knowing the frequency and 
power gain. 


12-31 


Motorola Reference Material 


The parameters are voltage and current dependent, and operating point must 
be considered in all cases. For example, the high-frequency hfe measurement 
at one collector voltage and current must not be used to calculate fv directly 
at another voltage and/or current without considering the added effects of the 
different operating point. Most of the mesa data sheets have curves showing 
typical variations of fT with collector voltage and current. 


The parameter fge for present mesa transistors usually lies in the region 
between 10 and 50 mc. The term hfe, measured at any frequency above this 
region is assumed on the 6 db per octave portion of hfe versus frequency curve 
and is used to calculate ft directly. | 


Mesa transistor power gain measured at any frequency above 50 mc is 
assumed on the 6 db per octave portion of the power gain versus frequency 
curve and is used to calculate fax directly. 


fye = Ky (1— hy) fob 


fab Dino 2 1Kkc ha, Meo = 1KC hee 
1,500 
1,200 fae 
100 
1,008 108 
400 0 
700 40 
600 
500 
20 - 
400 
10 
10 
300 
8 
6 
4 
200 4 
2 
150 A 


KEY TO fue SCALES* 


USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES FOLLOWING TRANSISTOR TYPES 
GENERAL PURPOSE ALLOY GERMANIUM MESA SWITCH 

ALLOY POWER SILICON 

GERMANIUM MESA AMPLIFIER (ANNULAR / PLANAR) 200 _L. S95 


LEFT SCALE, Ky = 0.8 RIGHT SCALE, K,=09 Fig. 7. Once fap 
*FOR MADT TYPES, SEE FIG. 9 is known this nomo- 
gram is used to 
find fae. 
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INSTRUCTIONS FOR CURVES AND NOMOGRAMS 


The nomograms assume no shift in operating point. Known parameters used 
to find an unknown must be measured at the same collector voltage and collector 
current as the desired unknown. 


Frequency scales on the nomograms are calibrated in numbers only without 
units. Furthermore, all nomograms contain two frequency scales. Decimal 
points may be shifted on the frequency scales of any nomogram as long as they 
are shifted the same amount on both scales (i.e. , both frequency scales of a 
nomogram must be multiplied by 10 to the same power). This enables the same 
nomogram to be used for both high and low-frequency transistors. 


The nomograms assume that both power gain and current gain decrease with 
increasing frequency at a rate of 6 db per octave at high frequencies. 


All power gain and current gain scales (except hfpo and hfeo) are calibrated 
in both actual magnitudes and decibel values for convenience. 


EXAMPLE 1 


To find hgeo when hfpo is known or vice versa, enter Fig. 3 with the known 
value and read the unknown directly. Given: hfpo = 0.96. Find: hfeo, Answer 
= 24, 


EXAMPLE 2 


Figure 4 is anomogram of fT and hfe at some frequency f, wheref > fae. 
Given: hfe at 100 mc is.6 db. Find: hfe at 75 mc. Answer: 4, or 12 db. 


EXAMPLE 3 


There are no special instructions for the nomogram of Fig. 5, merely use it 
to find the unknown parameter when any two are known. Given: hfeo = 40 and 
ft = 400 mc. Find: fge. Answer: 10 mc. 


EXAMPLE 4 


Figure 6 is anomogram of fmax and common emitter power gain measured 
at some frequency f where power gain is known to be decreasing at 6 db per 
octave. Given: power gain at 400 mc is 6 db. Find: fmax. Answer: 800 mc. 
Given: fmax = 1000 me. Find: power gain at 250 mc. Answer: 12 db. 


EXAMPLE 5 


Fig. 7 is anomogram of fgb, fge, and either hfpo or hfeo. To account for 
variations in this relationship with different transistor types, there are two fge 
scales, with a guide to which one to use. Given: for a GPA transistor, fab = 
1 mc and hfpo = 0.90. Find: fge. Answer: 80 kc. For MADT types, see 
Fig. 9. 


EXAMPLE 6 


Figure 8 is a nomogram of f7, fap, and either hgpo or hggg. To account for 
variations in this relationship with different transistor types, there are twofT 
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scales, witha guide to which one to use. Given: for a germanium mesa switch- 
ing transistor, ft = 400 mc and hfpo = 0.90. Find: fgb. Answer: 494 mc. 
For MADT types, see Fig. 10. 


f f. 
ab ee fp = K, Nino fb 
1,500 . 1,580 Dino = 1KC Dey 
— | Meo = 1KC Nee 
1,000 
1,000 
80 
“4. 800 
heh 
700 600 a aoe 
= 1.0 
0 ico 39 
500 400 ° 2 
400 9% 
400 4 309 53s 
300 
92 
300 10 
200 99 
200 8 
200. 
§ 
150 100 a 
160 82 
as 4 80 
60 


USE LEFT SCALE WITH USE RIGHT SCALE WITH 
FOLLOWING TRANSISTOR TYPES | FOLLOWING TRANSISTOR TYPES 
LLOY POWER 


meee PURPOSE ALLOY msi ar SWITCH 

ILICON 

GERMANIUM MESA AMPLIFIER | (annular / planar) 
LEFT SCALE, K,= 08 RIGHT SCALE, K ,= 0.9 


*FOR MADT TYPES, SEE FIG. 9 
Fig. 8. This nomogram represents fr, f», and 


either hye or Rye. 


EXAMPLE 7 


_ Figure 9 is a nomogram which is identical to Fig. 7 except that it is for use 
with MADT transistors (see instructions for Fig. 7). 


EXAMPLE 8 


Figure 10is a nomogram which is identical to Fig. 8 except that it is for use 
with MADT transistors (see instructions for Fig. 8). 
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ao = Ky (1 — ba) vb 
MADT TRANSISTORS ONLY Deo dino 
(K, = 0.6) 
FOR OTHER TYPES, USE Fig. 7 4 80 
fob Neo? 1KC hy, hy = 1KC hp 
1,500 { 85 
ae 
100 
1.200 80 88 
1,000 60 $0 
50 10 
800 40 92 
700 30 93 
600 Pa 94 
20 
400 10 96 
8 
6 30 
300 5 97 
4 
40 
3 
200 50 98 
2 
1.5 60 
150 
I 80 
0.8 
108 06 100 99 
150 
200 995 


Fig. 9. This nomogram is identical to Fig. 7 but 
is used for MADT transistors. 
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f~=K, h f 


MADT TRANSISTORS ONLY 
1,500 1,000 FOR OTHER TYPES; USE FIG. 8 
3,200 620 Ky = 0. 6 
"+ oa 
feo ~ fe 
600 500 Meo "tho 
700 
400 % 10 
600 160 BS] 
50 98 
500 300 30 
20 ie 
250 
409 
a ee 
200 
300 10 
180 30 
8 
88 
200 its 5 48 
60 84 
150 
82 
60 
80 
180 : 
80 
60 


Fig. 10. Identical to Fig. 8, this nomogram is used 
only for MADT transistors. 


REFERENCE 


1. A. B. Phillips, ''Transistor Engineering, '' McGraw-Hill Book Company, 
Inc., New York, N. Y., Chapter 14. 
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SIGNIFICANCE OF Q, IN SWITCHING CIRCUITS 


The charge factor (Q) in a transistorized pulse system is a figure of merit 
in much the same manner that gain-bandwidth product (ft) is a figure of merit 
for anamplifier. Consider briefly a pulse transmission system where the volt- 
age of aline must be changed by Vvolts. Since a finite capacity C is associated 
with the line, a charge Q = CV must be moved in order to effect this change. 
To move this charge in a given time t, a certain current I is required; viz. 
Q = It. Thus with a given current, low Q is synonymous with fast switching. 


The concept of total control charge, Q7, is not only a figure of merit but is 
a useful tool in the design of transistor circuits particularly where capacitors 
are used for triggering or R-C networks are used to improve response time. 


The concept is most easily understood by examining the familiar linear cir- 
cuit of Figure 1. It is well known that if the time constant of the speed up net- 
work, T; = R Cj, equals the time constant, Tg = RgCg, the waveform at point 
C will be a perfect reproduction of that at B, but reduced in amplitude accord- 
ing to the ratio of Ry and Rg. During the time that a constant level is applied 
at point A, charge Q; developed on C, will also equal the charge Qg developed 
on Co. 


The impedance of this network, of B C; C 
course, decreases with frequency so 
that the signal at B may show rise 
time deterioration compared to the 
signal from the source at point A. 
However, there is no distortion of the 
signal in passing from B to C. 


Several authors have shown that all 
frequency effects of a transistor can 
be represented by an R-C network 
from internal base to emitter. Base 
spreading resistance r'), canbe lump- 
ed with R.. Ifa transistor were sub- 
stituted for the network Ro9Co, by ad- 
justing T, for a square wave output, FIGURE | 
the transistor input impedance could Linear Circuit Compensation 
be deduced. If the transistor were driven into saturation, a 
square wave output would occur during turn-on regardless of the value of 7}, 
but information canbe gained by observing the waveform during turn-off. Since 
a transistor in saturation is grossly non-linear, approximating its behavior by 
a linear network is not satisfactory. But the use of a speedup network to find 
the charge required to turn off a transistor has proven to be valuable. 


When a transistor is held in aconductive state by a base current Ip, a charge 
Qs is developed or "Stored" in the transistor. If Ig were suddenly removed, 
the transistor would continue to conduct until Qs is removed from the active 
regions through an external path or through internal recombination. Since the 
internal recombination time is long compared to the ultimate capability of a 
transistor, for fast switching the designer needs to know the value of the in- 
ternal charge. Qs may be written as — 


QR, = + Qy+ Oy 
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Q; is the charge required to develop the required collector current. This 
charge is primarily a function of alpha cutoff frequency. Qy is the charge 
required to change the collector-emitter voltage. It is primarily caused by 
collector-base feedback capacity. Qy is excess charge resulting from over- 
drive, i.e., operation in saturation. .The carriers which result compromise 
Qy and are stored in the base and collector regions. 


The charge required to turn a transistor ''on" to the edge of saturation is 
QI + Qy but to turn it off, the full charge Qs must be removed. Referring to 
the circuit of Figure 1, if the charge on the speedup capacitor Q7 equals the 
charge on the transistor Qs, then when point B is grounded turn-off would be 
immediate if transistor r'h were zero. In practice, point A is a more con- 
venient place to ground and Rg and r'p limits circuit speed. 


A test circuit which measures Q7 is shown in Figure 2. C is adjusted to the 
minimum value which will produce a waveform similar to the one indicated by 
the solid trace in Figure 3. This will be where the ''bumps" just disappear. It 
has not been established under this condition of turn-off that the charge QT on 
C actually equals the charge Qg in the device, but Q7 certainly represents the 
charge necessary to control the turn-off of the transistor from a circuit de- 
signer's point of view. The charge is given by — 


Qe = C (Vi, - Vep) 


Using this relation, the designer may optimize C for any input voltage if Qy at 
the desired operating point is known. 


Vec 
Vin Vout 
TIME —» 
Cc 
Qr TEST CIRCUIT TURN-OFF WAVEFORM 
(PNP TRANSISTOR ) 
FIGURE 2 FIGURE 3 


When making measurements with this circuit it is important that the input 
pulse be long enough to allow carrier equilibrium to be reached. One Sec is 
long enough for VHF transistors. For greatest accuracy pulse instrumentation 
should have capability to at least 15ns rise time and utmost care must be given 
to the selection and mounting of the R-C network and transistor socket. A low 
source impedance also makes the effects of capacitor adjustment easier to 
discern. 


Charge measurements of representative silicon logic transistors are shown 
in Figure 4, It is evident that the low figures for the 2N834 permit faster 
switching in any given circuit since low charge means less current is required 
to switch the transistor in any given time. The curves also permit optimum 
values of speedup capacitors to be selected. 
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Qs IN PICOCOULOMBS 


Ic (MA) 


FIGURE 4 
COMPARATIVE Qr 


Using too large a speedup capacitor will cause a slight reduction in response 
time but a heavy penalty will be paid in circuit recovery time which will limit 
pulse repetition frequency. 
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HIGH-POWER VARACTOR DIODES 
THEORY AND APPLICATION 


Conventionally speaking, when we refer to asemiconductor diode we normally 
visualize a 2-terminal p-n junction operated in the forward conduction region 
(as a rectifier) or in the reverse avalanche region (as a zener diode). From 
this standpoint, the word diode applied to a varactor is actually a misnomer — 
for while the varactor is indeed a 2-terminal p-n junction, it operates neither 
as a rectifier, nor as an avalanche device. Rather, it operates principally in 
the region between forward conduction and reverse breakdown-— the very region 
in which a conventional diode is considered to be cut off. 


In this operating region the p-n junction can be represented by a capacitor in 
series with a resistor, Fig. 1. The capacitance, known as junction capacitance, 
is inherently associated with all p-n junctions and, while it represents an un- 
desirable parasitic in conventional diode operation, it is the specific mechanism. 
that permits the device to function as a varactor, or frequency multiplier. This 
is true because the capacitance value, as will be seen later, actually varies as 
a function of applied voltage and it is this factor that encourages the generation 
of harmonic frequencies. 


The resistor is the result of bulk 
and contact resistance of the semicon- C Rs 
ductor material. In varactor opera- = 0———j##———-wwW_O 
tion this resistance is the primary 
parasitic affecting varactor quality. 
Great pains are taken in varactor de- 
sign, therefore, to hold this resis- Figure 1 — Equivalent circuit of a varactor diode. 
tance value to an absolute minimum. 


HOW THEY WORK 


The cause and behavior of the junction capacitance can be determined from 
basic semiconductor theory, as follows: 


When a junction is formed between n-type and p-type material, there isa 
cross-migration of charges across the junction. Electrons from the n-region 
cross the junction to neutralize positive carriers near the junction in the p- 
region, and "holes" from the p-region cross the junction to neutralize the "ex- 
cess" electrons near the junction inthe n-region. As a result of this migration, 
all free charged particles are swept out of the immediate vicinity of the junc- 
tion, creating a "depletion layer" in the junction area. And, in the process, a 
contact potential or space charge (about 0. 5V for silicon) appears across the 
junction, Fig. 2a. 
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This structure acts very much like a slightly charged capacitor, with the de- 
pletion layer representing the dielectric and the semiconductor material adja- 
cent to the depletion layer representing the two conductive plates, 


If an external voltage is connected across the p-n junction so as to reinforce 
the contact potential (reverse bias), the depletion layer increases, resulting in 
a capacitance decrease, Fig. 2b. If a forward voltage is applied, the deple- 
tion layer decreases, Fig. 2c. However, if the external forward voltage is 
made large enough to overcome the contact potential, forward conduction oc- 
curs and the capacitance effect is destroyed (except at very high frequencies, 
as discussed later). 


Contact Potential 


It is obvious, therefore, that the Free Electrons 
value of the junction capacitance is a 
function of the externally applied vol- 
tage, so longas the junction itself re- 
mains reverse biased. This relation- 


ship is as follows: 


N-Type 


Positive tons 
+) 
f- f 
yy? My ry 
/ 4 /, 
Vf 
he Ki 7° > ff 
Ga 


Depletion Layer 
Capacitance 


C= ok hee 
(1=V/¢) (¢+Vv)” 


Depletion 
Layer 


Figure 2 — (A) A representative p-n junction. The 
battery represents the contact potential which must 
be overcome before current can flow. Current car- 
riers act as capacitor plates and the depletion layer 
is the dielectric. 


where C = capacitance at voltage V 


Cy = capacitance at zero bias 


V =voltage across the diode 
(reverse bias) 


¢@ = contact potential 


y = power law of the junction, 
determined by impurity 
gradient. 


A plot of this equation, Figure 3, 
shows that the capacitance - voltage 
relationship is nonlinear. Just how 


this condition is useful for frequency 
multiplication will be seen from the 
following derivation. 


Figure 2 — (B) Reverse voltage forces carriers 
away from junction. This widens the depletion layer 
and reduces capacitance. 
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Assume that tne voltage across a 
capacitor is given by the well - known 
relationsnip 


_- Q 
MiG 


where Q = the chargeonthe capacitor 


C = the capacitance 


Depletion Layer 
Narrows Increasing 
Capacitance 


When a sinusodial current is applied 
to a capacitance 


Figure 2 — (C) Forward voltage forces carriers 


Q e f idt poral es nee or across junction again changing 
= fi, sin o, tat 
I 
= A- > cosw,t , (3) 
1 
where i = instantaneous current 
L = maximum amplitude of the input current 
W, = ant, 


i, = input frequency — 


A = constant of integration relating to the initial charge when time 
(t) = zero 


Substituting Equations (1) and (3) into 
Equation (2) yields | 


Capacitance 


I 
A - — cos w,t 
) 1 
V Se 4 . 5 
= y ( ) Voltage Contact 

d C 0 Potential 

So Figure 3 — Voltage-capacitance relationship for a 

(P + V) Y typical varactor diode. 
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or, where V>> ? 


I, 
A - — cos w,t 
Vv 1 Wy I 
—= V-y2=—_—_—— (5) 


Y Y 
V $ Cy 

The exponent y is a function of the impurity gradient of the p-n junction. It 
may vary from approximately 1/2, for step junctions, to about 1/6 for special 
graded junctions. If we consider the common case of a step junction, (y= 1/2) 
Equation (5) resolves to 


2 2 
ee cos w.,t Aa 2A "1 t zi 2 t 
a 1 - me cos ss | + me cos a 
1 1 1 
Vee. = (6) 
1/2 C C 2 
vs) re) d~o 


Looking at each of the terms in Equation (6) we find that the voltage (V) 


across the varactor consists of a dc term , a fundamental component 


2 
oo 


I I 
1 1 2 
2A —- cos w,t o, cos wit 
5 , and the term 


2 
¢~o oo 


The latter, through trigonometric identities, expands to 


2/1 1 

(zt) (5 +7008 2 w,t) 

my) 2 4 
? C, 


which reduces to another dc component plus a second harmonic component. 


Although quite simplified, the above derivations clearly show the generation 
of second harmonic voltages across the varactor diode. This second harmonic 
voltage can be used to produce power at that frequency simply by providing a 
path and a load for the second harmonic current. 


In the case of a step-junction device, the second harmonic is the only har- 
monic frequency directly available. While it is possible, through the use of 
graded junctions (y < 1/2) to obtain higher harmonics directly, the second har- 
monic always predominates. In fact, it is normally more efficient to obtain 
higher harmonics by means of the doubling and mixing action of the varactor, 
through the use of idler circuits (see Fig. 4), than to try to obtain a desired 
higher harmonic directly. 


(1) Penfield & Rafuse, 'Varactor Applications", MIT Press, Copyright 1962. 
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VARACTOR CHARACTERISTICS Band-Pass 


Filter 


Band-Pass 
Filter 


When operating as a frequency . Load 
ele : Source 
multiplier, the important varactor 


characteristics are: efficiency as a eS 
multiplier, power handling capability, 
i i 1 ‘ ; Figure 4 — Simplified multiplier circuit illustrating 
and, pe OMS PP ications, linearity the use of an idler configuration to develop third 
of power output with changes in input and fourth harmonics. | 
An idler circuit is simply a tuned filter which per- 
power. mits the flow of a harmonic current needed to gen- 
erate the desired output. If the third harmonic is 
desired, filter F, is tuned to the fundamental, Spel 
ici F, is tuned to the 2nd harmonic, and F; is tuned to 
Efficiency the 3rd harmonic. To obtain the fourth harmonic, F, 
ges is simply tuned to the fourth harmonic and permits 

The efficiency of a varactor is a the flow of the doubled 2nd harmonic current. 


function of the cutoff frequency of the 
device which, in turn, is dependent on the diode quality factor (Q), defined as 


sy ee 
2 © GmiCR, 7) 


From this, it is seen that Q is a function of both Rg andC. The ability to 
obtain a‘high Q device is directly related to the ability to make Rg extremely 
low. The cutoff frequency is arbitrarily defined as that frequency at which 


Q = 1, or where _— = Ra. Accordingly, cutoff frequency is given as 


i | (8) 


Since both Rg and C are voltage dependent, it is obvious that fe, too, will 
vary with applied voltage. As reverse voltage increases, fe will also increase, 
This is. important in a comparative evaluation of devices Since, in order to ob- 
tain a valid comparison, the fe for the devices must be obtained at the same 
voltage. 


Now, for varactors with step junctions, the maximum obtainable efficiency 
may be approximated from the expressions: 


For input frequencies of 0. 01 f, or less, 


€=1- KF (9) 
Cc 
For input frequencies of 0. 2 fe or higher, 
i” 
€ = B my ; (10) 
f 
1 


where f, = cutoff frequency at Va 


mh 
" 


input frequency 
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K and B = constants whose values depend on the desired order of the har- 
monic. 


For doublers, K and B of Equations 9 and 10 are equal to 20 and . 0039 re- 
spectively. 


For triplers and quadruplers, K is equal to 35 and 62 respectively. 
From these equations itis evident that the theoretical efficiency of varactors 
is quite high at input frequencies of 0. 01 fe or less. 


Power Handling Capability 


The relationship between power handling capability (Py) and other varactor 
characteristics is given by 


2 
Pe oc Cy Va (11) 
where Va = voltage breakdown of the junction 
C aor junction capacity at zero bias. 


The validity of this proportionality is evident from the fact that the input 
power is obviously proportional to the square of the input voltage swing, which 
is limited at one end by Vg and on the other by the permissible amount of for- 
ward conduction. If the voltage swing in the forward direction is very much 
smaller than Vp, it can be neglected, and the input power is approximately 
proportional to Vp2. 


For large power handling capability it is desirable to make Vp as large as 
possible (assuming that the signal source can provide the necessary voltage 
swing from Vp to approximately zero). This requires that the resistivity of 
the material near the junction (at least on one side of the junction) be high. Yet, 
a high resistivity leads to a relatively high Rg which, in turn, lowers the Q of 
the diode and, consequently, the efficiency. Therefore, varactor diode design 
normally is a compromise between high power handling capability and high 
efficiency. 


NEW VARACTOR DESIGN IMPROVES POWER HANDLING CAPABILITY 


Until recently most varactors for harmonic generator applications have been 
designed with step junctions and their characteristics closely follow the above 
discussion. Some improvement in performance has been observed in varactors 
of the 1N4386 type whose impurity profile, Fig. 5, differs considerably from 
that of the customary step-junction device. These improvements include: 

1) higher power handling capability at a given frequency, 


2) greater linearity of power output with changes in power input. 


The increase in power handling capability can be explained as follows: 


To increase Py;, it is necessary to increase Vp which demands a higher re- 
sistivity material at least on one side of the junction. If one attempts to in- 
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crease the resistivity of a step-junc- 
tion device, the value of Rg is in- 
creased significantly and efficiency 
is reduced accordingly. But, by em- "Heavy 
ploying the impurity profile shown in ‘of impurties 
Fig. 5, the resistivity near the junc- 
tion can be made comparatively high 
without changing the average resis- 
tivity. Moreover, when reverse vol- 
tage is applied, the spread of the de- poco 
pletion layer into the high resistivity 
regions actually dissipates them, leav- 
ing only the extremely low resistivity 


Few 
impurities, 
High 


Low 
Resistivity Resistivity 


por tion of the material to contribute Figure 5 — Resistivity of 1N4386 is high near the 
to Rs. And, Since the time that the junction and low near the lead contacts. When a 

gee reverse voitage is applied the depletion layer rapidly 
varactor is in the reverse -voltage con- dissipates the high resistivity regions and thus, the 
dition is very large compared withthe average series resistance (R;) is low. 


time in the forward-biased condition, 

the average total series resistance 

is substantially reduced despite the increase in resistivity at the junction and a 
resulting increase in Vp. 


By this means, it is possible to almost double the power handling capability 
of varactors over step-junction devices, without adversely affecting efficiency, 
at least as it is affected by Rg. 


It might be argued that the impurity profile used in the 1N4386 type should 
result in lower efficiency because the capacity-voltage law (y in Equation 1) is 
reduced to about a 1/5 power, thus reducing the degree of reactive nonlinearity. 
Indeed, this would result in alower efficiency of harmonic generation if it were 
not compensated by the reduction of series resistance described above. 


In addition there appears to be an added nonlinearity resulting directly from 
the parabolic graded impurity profile — the phenomenon of ''step-recovery"'. 
Not only does step-recovery make up for the reduced junction-capacity nonlin- 
earity, but it leads to a linear power output advantage when driven slightly into 
the forward bias region at the positive peak of the signal swing. 


Step-recovery is a result of charge storage — a familiar phenomenon in the 
application of semiconductor devices. When a p-n junction is forward biased, 
charged carriers from one region are injected into the other to form minority 
carriers in that area. If permitted to wander around in the area long enough, 
these minority carriers will combine with majority carriers and produce a 
current flow. The interval between injection and recombination is related to 
the minority carrier "lifetime" of the material. In the interval between the 
time of injection and recombination, these minority carriers are effectively 
stored charges contributing to junction capacitance. 


If the period of the applied forward voltage is less than the carrier lifetime, 
as is usually the case, most of the injected carriers can be brought back to the 
point of origin before recombination. Step-recovery comes about when the in- 
jected minority carriers are returned to the point of origin in a compact bunch. 
Sucha movement of carriers constitutes a current waveform as shown in Fig. 6. 
Because of the sudden cessation of reverse current when all of the carriers are 
returned to their original regions, the waveform is rich in harmonics which 
can be utilized as an added nonlinearity to enhance multiplier action. 
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The impurity profile of Fig. 7 en- 
hances step-recovery because the 
electric fields set up bythe steep im- 
purity gradient a short distance away 
from the depletion region keep the 
minority carriers close to the deple- 
tion layer, rather than permitting them 
to wander to random depths in the op- 
posite regions. Thus, when the vol- 
tage is reversed, they return to their 
point of origin in a compact bunch. 


The step - recovery phe- 
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Figure 6 — When a forward voltage is applied, car- 
riers are injected across the junction. However, 
before they can combine and result in a de current 
flow, the applied voltage reverses and the carriers 
are returned to the point of origin in a bunch. This 


results in an abrupt cessation of reverse current 


nomenon ? Ww hi Cc h 1s no t as and the waveform is rich in harmonics. 


pronounced in step junctions 
because of the constant impurity level in such devices, provides an additional 
nonlinearity to the 1N4386 which contributes to harmonic generation. 


Step-recovery results also in ade- 
vice with more linear power charac- 
teristics because the percentage of 
harmonic current generation is not a 
function of signal level. It is only a 
function of the waveform and the 
abruptness of the decline of reverse 
current. And if self-biasing is em- 
ployed, the shape of the current wave 
remains constant over a considerable 
power input range. This leads to a 
more constant efficiency of harmon- 
ic generation as a function of sig - 
nal level than obtainable with devices dependent on junction-capacitance varia- 
tions alone. This is an important feature when using varactors in amplitude 
modulated circuits. 


Compressed Compressed 
Depletion ‘oe Depletion 
Layer Layer 


Impurity 
Profile for Step 
Recovery Diode 


tmpurity 
Profile for Abrupt| 
Junction Diode 


Figure 7 — Comparison of the impurity profiles for 
a step recovery and step junction diodes. 


VARACTORS vs TRANSISTORS 


In view of the fact that varactors provide no amplification, but merely 
convert an applied signal of one frequency to some higher frequency, one 
might logically ask, 'Why not use transistors to directly generate the de- 
sired signal?" The answer to this is simply that there are no transistors 
that will provide the amount of power obtainable from varactors inthe VHF . 
and UHF regions. The best transistors today are limited to producing 
about 25 watts at 100 mc, and about 5 watts at 500 mc. Varactors, by con- 
trast, can supply about three times that amount of power at those frequen- 
cies. Moreover, many VHF and UHF transmitters demand crystal control, 
which requires a relatively low-frequency oscillator with subsequent fre- 
quency multiplication. And, as yet, no other device operates as efficiently 
as a varactor for this purpose. 


Even as transistors are improved, it is reasonable to assume that var- 
actor development will keep pace, so that the latter will remain well ahead 
of transistors in power-frequency capabilities. As aresult, it is antici- 
pated that the varactor will become an increasingly important component in 
high-power, high-frequency applications. 
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HARMONIC GENERATOR CIRCUITS 

Development of a varactor multiplier circuit is illustrated in Fig. 8. The 
basic premise, as shown in (a) isthe conversion of a signal from a signal source 
to a harmonic current through the load (Rz,) by means of a varactor. The nec- 
essary considerations entail 1) provisions for the necessary current paths and 
associated filters, 2) proper matching of source to load, and 3) development of 
Suitable bias voltage for the varactor. 


The first step in the design is the 
addition of suitable current paths, as 


shown in (b). If the output is to be the 
second harmonic, filter Fj is tuned Ty 
to the fundamental frequency, and Fo 


is tuned to the 2nd harmonic. In de- 
signing the tuned circuits, the capaci- 
tance of the varactor must be taken 
into account. Since this varies over 
the applied signal cycle, the "average" 
varactor capacitance should be used. 
This can be approximated by the ca- 
pacitance value at one-third the vol- 
tage breakdown rating of the varactor 
(assuming a signal voltage swing from 
about Vp to some small positive value) 
Since this average capacitance varies 
with signal power, some circuit de- 
tuning occurs if input power is changed 
appreciably. This detuning effect is 
less pronounced with devices of the 
1N4386 structure than with step-junc- 
tion devices. 


If the desired load current is at 
the third or fourth harmonic, the con- 
figuration in (c) may be used. Here, 
F, is again tuned to the fundamental 
and Fp» is an idler tuned to the 2nd 
harmonic. This permits fundamen- 
tal and 2nd harmonic current flow 
to mix in the varactor to provide a e. Addition of Input and Output Matching Capacitors 
bere component of Fy , F 29 F 1+ Figure 8 — Development of a harmonic generator 

and 2F,5 across the varactor. eee 
(eee if F2 were omitted , 
there would be components of higher order harmonics, such as F3 and F4 
across the varactor, but, as mentioned previously, it is normally more effi- 
cient to employ a suitable addition or multiple of the fundamental and second 
harmonic.) Filter F3 is then tuned to the desired third or fourth harmonic so 
that only the desired current will flow through the load. 


a. Source, ie Load _b. Addition of Input and Output Circuits 


Bias voltage for the varactor is obtained by shunting the varactor with a high 
value (around 100 KQ) bias resistor, as in (d). Bias current is provided when 
the varactor is driven slightly into conduction at the peaks of the applied signal, 


Proper matching between source and load can be accomplished by adding 


matching capacitors as shown in (e). Tapped input and output coils could ac- 
complish the same purpose. 
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Obviously, the simple circuit developed in Fig. 8 can be improved upon from 
a performance standpoint. Higher-frequency, distributed-element circuits 
could be fabricated based on a circuit equivalent to Fig. 8. More complex fil- 
ters, such as double-tuned circuits, may be employed for greater bandwidth 
and better rejection of spurious signals. In practical applications, the final 
circuit almost always will be more complex. 


CHARACTERISTICS OF 1N4386 


The 1N4386 varactor was designed to handle efficiently more than 50 watts 
of input power with output frequencies up to 300 mc. Typical efficiency of the 
device as a function of power input at 50 mc (tripler operation) is shown in 
Fig. 9. Additional technical information can be obtained by writing to the Tech- 
nical Information Center, Motorola Semiconductor Products Inc., P. O. Box 
955, Phoenix, Arizona 85001. 


four = 150me 
fin = 50mc 
80 
x 70 
2 60 
uJ 
50 


10 20 30 40 90 60 
Power Input (Watts) 


Figure 9 — Typical efficiency vs power input curve 
for the 1N4386 ina tripler circuit. 


R, = 500 © 
. f=200me 


Ls 


L,, La: 11 Turns £14 Wire, 34” Dia. = C,, C3: 1-30 pf; C4: 0.5-12 pf 
L3: 3.5 Turns ##14 Wire, 36” Dia. C2: 0.8-12 pf; Cs, C,, C7: 0.5-10 pf 
L4, Ls: 4 Turns #14 Wire. %” Dia. 


Figure 10 — 50-200 mc Varactor quadrupler 
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OPTIMIZING SCR TURN-OFF PARAMETERS WITH NEGATIVE BIAS 


Although it is not often discussed in the literature, almost all SCR's exhibit 
some degree of turn-off gain. 


At normal values of anode current, negative gate current will not have suf- 
ficient effect upon the internal feedback loop of the device to cause any signifi- 
cant change in anode current. However, it does have a marked effect at low 
anode current levels where it can be put to advantage to modify certain device 
parameters. Specifically, turn-off time may be reduced and hold current may 
be increased. Reduction of turn-off time and increase of hold current are use- 
ful insuch circuits as inverters or in full-wave phase control circuits in which 
inductance is present. 


Negative gate current may, of course, be produced by use of an external bias 
supply. It may also be produced by taking advantage of the fact that during 
conduction the gate is positive with respect to the cathode and providing an ex- 
ternal conduction path such as a gate-to-cathode resistor. All Motorola SCR's 
are already constructed with a build in gate-to-cathode shunt, which produces 
a certain amount of negative gate current. Further change in characteristics, 
however, can be produced by use of an external shunt. Shunting does not pro- 
duce as much of a change in characteristics as does negative bias, since the 
negative gate current, even with an external short circuit, is limited. When 
using external negative bias the current must be limited, and care must be 
taken to avoid driving the gate into the avalanche region. 


All Motorola SCR lines show an improvement in turn-off time of about one- 
third by using negative bias up to the point where no further significant im- 
provement is obtained. The increase in hold current by use of an external 
shunt resistor ranges typically between 5 and 75 percent, whereas with nega- 
tive bias, the range of improvement runs typically between 2-1/2 and 7 times 
the open gate value. 


In summary, it may be said that by use of negative gate bias, the turn-off 
time and hold current of Motorola SCR's may be improved significantly so that 
they may be used in higher frequency inverter circuits or in circuits in which 
higher residual currents are present. 
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